SURGERY 











May, 1937 





Original Communications 


SIMPLE ULCER OF THE ASCENDING COLON AND 
ITS COMPLICATIONS 


Str Davin Wiikie, M.D., EpInBURGH, SCOTLAND 


(From the University of Edinburgh) 


N mammals no part of the alimentary tract presents greater varia- 

tion in size and functional activity than the proximal part of the 
colon. In the herbivora it is large and capacious to accommodate 
and to permit of the final digestion of the bulky vegetable diet. In 
the carnivora it is relatively small and unimportant and its removal! 
causes little upset of digestion. Man, primarily herbivorous, has be- 
come facultatively carnivorous, and his proximal colon is thus placed 
in that awkward state of unstable equilibrium which renders it sus- 
ceptible to trouble. 

Apart from the vermiform appendix, the common site of trouble is 
in the ascending colon, some little distance above the ileocecal valve. 
Sir Arthur Keith pointed out that in many of the lower animals, par- 
ticularly in birds and rodents, there is a sphincter mechanism in the 
proximal colon which prevents too rapid emptying of this part and 
allows of the completion of digestion. Keith gave the name cecocolic 
sphincteric tract to this usually contracted area of the proximal colon, 
and the portion proximal to it and distal to the ileocecal valve he 
called the cecal colon (Fig. 1). No such sphincteric tract exists in 
man, but very frequently we find spasm in the ascending colon in the 
corresponding area, and it is the common site of malignant disease in 
the proximal colon. 

If we regard the proximal colon as a second stomach, the ileum 
represents the esophagus; the cecum, the cardia; the cecal colon, the 
body of the stomach; and the cecocolic tract, the pyloric antrum and 
pylorus. In the stomach the pyloric end is the common site of car- 
cinoma but the lesser curvature that of simple ulcer, so in the proxi- 
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mal colon carcinoma is found in the region of the cecocolic tract, 
the medial wall above and be- 


simple ulcer on the lesser curve; i.e 
yond the ileocecal valve. (Fig. 2.) 


Caecum. 


Fig. 1.—Ileum and proximal colon of rat. The contracted cecocolic area appears 
to have sphinteric function. 





A. Common sile of Cancer. 


B. Common aile of Ulcer. 
If regarded as a second stomach, it is seen that 
i correspond to those of the true stomach. 
of fungating carcinoma. 


-—Human proximal colon. 
stenosing carcinoma 
is commonly the seat 


fundus, 


Fig. 2. 
the sites for ulcer and 
like the gastric 


The cecum, 
In this communication, four examples of that reputedly rare con- 
Strangely 


dition, simple ulcer of the ascending colon, are recorded. 
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enough, they illustrate almost all the various clinical features which 


may characterize such ulceration and also the complications to which 


it may give rise. These four cases were met with over a period of 


more than twenty years’ practice in abdominal surgery. This might 
suggest that the condition is a very rare one. [| am inclined to think, 
however, that minor degrees of such ulceration may be relatively 
common and that even at operation the condition may be overlooked. 
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Fig, 3.—Simple ulcer of cecal colen simulating carcinoma, Note common situation 
above ileocecal valve. 


. 


SIMPLE ULCER SIMULATING TUMOR 


CASE 1.—Male, aged forty-five vears. Complaint.—Pain in the abdomen and 
passage of blood from rectum. 

Apart from chronic constipation, the patient had been in good health until three 
weeks before his admission to hospital. At that time he began to suffer from slight 
pain in the right lower quadrant of the abdomen, and on one occasion he passed 


about one ounce of red blood per rectum. He consulted a doctor who, on examining 
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the abdomen, discovered a swelling in the right iliac region and sent the patient 
to a hospital with the diagnosis of chronic appendicitis. 

On examination he looked a healthy man; the abdomen was not distended; on 
palpation, a swelling ill-defined, about one and a half inches in diameter, could be 
felt in the right iliac fossa. This was not tender to touch, was mobile, and was 
taken to be inflammatory thickening, in all probability associated with chronic 


appendicitis. No radiologic examination was made. 


Operation.—The abdomen was opened through a gridiron incision in the right 


iliac region. On pulling out the cecum a firm swelling was felt at, and just above, 


the ileocecal valve. The appendix was normal. From the densely hard character 
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Fig, 4.—Proximal colon in Case 2, seen from behind, showing extraperitoneal per- 
foration. 

of the swelling in the ascending colon, the diagnosis of carcinoma was made and 

the proximal part of the colon resected. The ends of the ileum and colon were 

closed and a lateral anastomosis performed. There was little evidence of glandular 

involvement and no sign of tubercle either in the small intestine or mesenteric glands. 

The patient made an uneventful recovery. 

On opening the specimen removed, there was seen to be a punched-out uleer, 
closely resembling a gastric ulcer, and situated on the medial wall of the ascending 
colon just above the ileocecal valve (Fig. 3). The margins of the latter were 
pouting and edematous, the mucous membrane of the cecum and the rest of the 
ascending colon appeared normal. Outside the base of the ulcer there was consider- 


able induration in the ascending mesocolon. 
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A wedge was taken from the ulcer for microscopic section. The latter showed 
marked small celled infiltration of the tissue around the uleer but no evidence of 
malignant disease or of tubercle. 

Summary.—Simple ulcer of the ascending colon simulating malignant disease. 


Resection of proximal colon. Recovery. 


RETROPERITONEAL PERFORATION OF SIMPLE ULCER CAUSING PSEUDOHERNIA 


CASE 2.—Mrs. F., aged sixty-four years. The patient had always been a delicate 


woman and had suffered from chronic constipation. For some months she had been 


getting noticeably thinner, and one month before began to complain of pain on the 





c. Shepley . 938. 











Fig. 5.—Case 2. Showing perforation from mucous aspect. Note typical situation. 


right side of the abdomen. When examined by her doctor at this time, an indefinite 
tender swelling could be made out in the right lumbar and iliac regions. While she 
was under observation her doctor noted the gradual development of a visible swelling 
in the right iliae region, situated one inch internal to the anterior superior spine. 
The swelling was soft and yielding; it varied greatly in size from time to time and 
when pressed on would disappear slowly to reappear again. It suggested a hernia 
but was some distance from any of the usual hernial apertures. The patient con- 
tinued to become thinner and weaker, and the constipation became more obstinate. 

On examination on August 4, 1919, she was seen to be a very pale, emaciated, 
and weak woman; the abdomen was not distended. In the right iliac region there 
was a visible swelling, the size of a hen’s egg, situated as above described. On 


palpation there was no tenderness, and the swelling readily disappeared within the 
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abdomen when pressed on. It was tympanitic on percussion and obviously contained 
ras. <A slight fullness could be felt in the right lumbar region posteriorly. 

A diagnosis was made of free gas in the extraperitoneal tissues, in all probability 
due to a leak through a growth in the region of the cecum or ascending colon. 
An operation was advised but was at this time refused. Two days later the patient 
became much worse and was sent into a nursing home. By this time the swelling in 
the right iliac region was much larger, the skin over it was purplish in color and 
on the point of becoming necrotic. 

Operation.—An incision was made into the swelling which, on being opened, 
collapsed with the escape of gas. The cavity communicated through a relatively 
small aperture in the abdominal wall with a much larger cavity which extended 
from the right kidney above down to the floor of the pelvis. This cavity, which 
was extraperitoneal, was lined by a gray, sloughy membrane and contained nothing 
but gas. Owing to the patient’s critical condition all that was done was to insert 
Carrel’s tubes and to irrigate with eusol. The patient died the following day. 

Postmortem.—On opening the abdomen there was seen to be no peritonitis and no 
evidence of tumor growth in the colon. The peritoneum of the posterior abdominal 
wall on the right side had been dissected up by gas, and on reflecting it forward 
the very large cavity which had been found on operation was examined. A small 
perforation, 5 mm. in diameter, was found on the posterior aspect of the ascending 
colon, three-quarters of an inch above the ileocecal valve. (Fig. 4.) On opening 
the colon an elongated ulcer was found on the posteromedial aspect of the ascending 
eolon, which had perforated into the retroperitoneal cellular tissue. (Fig. 5.) There 
was no ulceration in any other part of the bowel and no signs of tubercle or car- 
cinoma. The colon was not unusually dilated, and there was no obstruction to its 
lumen at any point. 

Microscopic sections of the ulcer showed merely the inflammatory reaction asso- 
ciated with a so-called simple ulcer. 

Summary.—Simple uleer of ascending colon. Perforation into retroperitoneal 


tissue. Formation of gas-filled pseudohernia. Death from toxemia. 


INTRAPERITONEAL PERFORATION OF SIMPLE ULCER 


CASE 3.—Female, aged fifty-six years. Admitted to a medical ward of the hos- 


pital, suffering from abdominal pain and distention, in a very collapsed condition. 


History.—The patient had suffered from chronic constipation, but some eight 
days or so before admission she began to have diarrhea which continued until admis- 
sion. Three days before admission she was seized with very severe pain in the 
right side of the abdomen. This continued and spread all over and was accompanied 
by vomiting and great prostration. 

On examination the patient was collapsed and unable to answer questions, pulse 
thready, 140, abdomen distended and tender all over. Patient never rallied suffi 
ciently for any surgical interference to be possible and died twelve hours after 
admission. 

Postmortem.—Generalized feculent peritonitis. A small perforation was seen on 
the medial surface of the ascending colon, just above the ileocecal valve. On open- 
ing the gut, two small ulcers were found in the ascending colon, the lower of which 
had perforated into the general peritoneal cavity. (Fig. 6.) In the lower end of 
the ileum there were two irregular, scarred areas which appeared to be healed ulcers. 
Cultures for typhoid bacillus were negative. Sections of the ulcers showed infiltration 
of tissues by inflammatory cell; no evidence of tubercle. 

Summary.—Simple ulcers of the ascending colon. Perforation of one causing 


death from generalized peritonitis. 
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SIMPLE ULCER LEADING TO STENOSIS WITH CECAL DISTENTION 
AND STASIS 


CASE 4.—Mrs. K., aged forty-nine years, had for ten years suffered from flatulent 
distention and dragging pains on the right side of the abdomen. For the past three 
years she had complained of periodic attacks of indigestion of the hunger type and 


had received medical treatment for indigestion. 


X-ray examination showed a definite deformity of the duodenal cap, strongly 


suggestive of ulcer. The striking feature in the x-ray examination, however, was 
the prolonged stasis in the cecum, which retained a considerable residuum of 


barium long after most of the meal had passed through the colon. 
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—Case 3. Perforation of simple ulcer into peritoneal cavity. Note second ulcer 
above perforated one and scars of two healed ulcers in ileum. 
Me 


The patient, who had been for some years resident in India, gave a history of 
several attacks of diarrhea some years before. These were considered not to be 
true dysentery, and for the past two years she had been quite free of them. 

The provisional diagnosis before operation was ‘‘duodenal ulcer and simple 
stenosis of ascending colon.’’ 

Operation.—On July 4, 1928, the abdomen was explored through a right rectus 
incision. A very definite duodenal uleer was found on the anterior wall of the 
duodenum. The second part of the duodenum was mobilized and a gastroduodenos- 
tomy performed. 
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The cecum was large and its wall was hypertrophied. Just above the ileocecal 
valve a dense band of adhesions crossed the ascending colon which, at this point, 


was puckered and fibrosed. (Fig. 7.) On dividing these adhesions, a fibrosed stellate 


scar marked the site of a healed ulcer, situated half an inch above and slightly in 
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Fig. 7.—Case 4. Stenosis of ascending cofon from dense adhesions to the fibrosed 
scar of a healed ulcer of cecal colon. Note cecal distention which was relieved by 


division of band. 
front of the ileocecal valve. The division of the adhesions allowed of sufficient ex- 


pansion of the colon to give free drainage to the cecum. 


The result of the operation was most satisfactory, for not only was the indigestion 
and discomfort in the cecal region 


entirely relieved, but the flatulent distention 


disappeared. 
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Etiology —F rom a study of the few previously recorded cases and the 
four described above, the only common factor discovered was a history 
of chronic constipation. It would appear that fecal stasis and fer- 
mentation in subjects past middle life may tend to lead to the develop- 
ment of one or more ulcers in that part of the bowel named by Keith 
the cecal colon. It is difficult to account for the frequency of the 
ulceration in the ascending colon just above the ileocecal valve as the 
blood supply of this segment is good. Possibly the relative fixity of 
the mucosa in this, the least expansible portion of the ascending colon, 
may have something to do with the development of a chronic ulcer 
in this situation which is in this respect comparable to the lesser 
curvature of the stomach. 

Symptomatology.—Simple ulceration in the proximal colon may exist 
with no appreciable symptoms until some complication such as hemor- 


rhage oy acute or subacute perforation sets in. Chronic constipation 


is sO common without ulceration that this symptom in itself is of 
little value, but the presence of a palpable lump or the onset of acute 
symptoms suggesting a perforation, in a patient the subject of chronic 
constipation, should suggest the possibility of this among other con- 
ditions. 

COMPLICATIONS 


Hemorrhage is a rare complication. In Case 1, recorded above, it was 
noted but was not severe. I can find no note of it in any of the other 
recorded cases. 

‘Subacute perforation with pericolitis leading to the formation of a 
palpable mass or the development of an abscess has been observed in 
several cases. The diagnosis from a neoplasm, ileoceeal tubereulosis, 
or chronic appendicitis must ever be a matter of considerable difficulty 
in this class of case. Possibly some cases of perinephrie abscess of 
obscure origin are, in reality, examples of subacute perforation of a 
simple ulcer of the colon into the retroperitoneal tissues. 

Formation of Pseudoneoplasm of Colon.—The inflammatory thieken- 
ing in and around the colon at the site of the ulcer may give physical 
characters almost indistinguishable from those of a neoplasm. This 
was well exemplified in Case 1 recorded above and in one recorded by 
Morel and Secheyron. In both, a resection of the proximal colon was 
performed with success and the benign nature of the mass only subse- 
quently discovered. 

Acute perforation is the most dangerous and, so far as records show, 
the most frequent complication. It may oceur into the retroperitoneal 
tissue and give the curious clinical picture of pseudohernia met with 
in Case 2, or lead to a foul perirenal or subphrenie abscess. Perfora- 
tion into the peritoneal cavity must always be a serious complication. 


It is not necessarily fatal as is shown by the successful results re- 
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corded by Quénu and Duval, and by Zickler after operation for 


closure of the perforation. Whether a simple ulcer may be the start- 


ing point of malignant disease in this region is uncertain. 


Stenosis From Cicatricial Contraction —It is not uncommon to find 
bands of inflammatory adhesions in the region of the ascending colon. 
That some of them may be the result of antecedent simple ulceration is, 
I think, more than likely, but I do not recall having met with another 
case in which the evidence of this sequence was clear and unequivocal 


as in the ease here recorded. 
TREATMENT 


Since the condition can never be diagnosed with certainty before 
operation, treatment resolves itself into that for cases where a pseudo- 
neoplasm has developed and for those in which perforation has oe- 
eurred. In the former, doubt will still exist when the colon is exposed 
at operation, and a resection of the proximal colon will always be the 
wisest course to follow where the patient’s general condition allows 
of it. In aged or very weak patients, an ileocolostomy, which short- 
circuits the ulcer, may be deemed the wiser course. Where perfora- 
tion into the peritoneal cavity has occurred, simple closure of the per- 
foration with drainage has been successful in several cases. Where 
the perforation is large, or where the surrounding induration makes 
closure impracticable, stitching of the perforation to the surface, with 
a subsequent resection of the proximal colon, if peritonitis be out- 
lived, is the method of choice. In the case of extraperitoneal perfora- 
tion, free drainage of the infected tissues is all that can be attempted 
in the first instance and, should recovery ensue and a fecal fistula 
persist for any length of time, resection of the affected segment will 
be called for. 

CONCLUSIONS 


1. The proximal colon is, under modern dietary conditions, very 
commonly the site of dysfunction and disease. 

2. Simple ulcer of the cecal colon is a pathologie entity. 

3. Clinieally, it is encountered (a) as pseudoneoplasm of the bowel; 
(b) when complicated by acute or subacute perforation; (¢c) when 
fibrosis associated with healing has led to a stenosis of the colon. 

4. In cases of perforative peritonitis, the ascending colon should be 
examined after the common sites have been excluded. 

5. In gas gangrene or cellulitis of the right flank, perforating uleer 
of the proximal colon should be suspected. 
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CONVULSIONS ASSOCIATED WITH GENERAL ANESTHESIA 
JOHN 8S. Lunpy, M.D., Rocuester, Minn. 


(From the Section of Anesthesia, the Mayo Clinic) 


HE probiem of convulsions or spasms associated with general anes- 

thesia is one that is presenting itself with increasing frequency. 
Attention was not called to it until 1927, and since then most of the 
reports concerning it have come from England, although a few have 
been made in this country.)!® It would seem that the condition has 
been recognized by but few. It seems important that the subject 
should be presented again, as was done in 1933 by Sears,’* in the hope 
that a solution may be arrived at. The problem of convulsions and 


spasms associated with general anesthesia has been studied to some 


extent from an experimental point of view.-°* 

[I am impressed with the need for a solution of the problem and for 
a general warning to all to keep the condition in mind, so that it may 
be recognized early and treatment given in order to reduce, if possible, 
the number of fatalities. Table I shows a mortality of 18.9 per cent 
in the cases already reported. My interest has been stimulated, be- 
cause I recently have been asked to express an opinion as to the cause 
of death in certain cases in which convulsions have been associated 
with general anesthesia in several different states in the Middle West 
during the last vear. Three of the reports that have been sent to me 
are included in the table, as well as reports of four cases observed by 
me and my associates in a period of vears. Six other cases also have 
been brought to my attention. In the literature, 137 additional cases 
have been found. These cases all fall into the category known as con- 
vulsions associated with general anesthesia; they originally were re- 
ported as ‘‘ether convulsions.’’ In the literature and in my own ex- 
perience, there are cases in which the patient was known to have,** 
or was found later to have had, epilepsy. It may be that in some cases, 
as various authors have pointed out, the condition reported as ‘‘ether 
convulsions’? was confused with epileptic seizures, heat stroke,** or 
muscle spasms attributable to ethyl chloride.*” Usually, there should 
be little difficulty in recognizing the epileptic seizure,“" 7" as the fit 
begins suddenly with a violent tetanic spasm and usually subsides with 


a series of isolated clonic spasms, especially if the severity of the fit 


does not prevent the further administration of the anesthetic. At 
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times, the anesthetization may be begun again after the first fit is over, 
and the patient may be anesthetized before another one appears. 
Obviously, clonus associated with general anesthesia should not be 
confused with convulsions associated with general anesthesia.*® 75-?° 
Clonus usually can be corrected by changing the posture of the patient. 
No doubt there are other effective methods of treatment; for example, 


in one case I administered carbon dioxide, 5 per cent, and oxygen, 95 


per cent, for five minutes, and the clonus disappeared and did not 


return. 

[ have previously reported a case in which spasm of the diaphragm 
occurred while the patient was under general anesthesia.1! The clini- 
cal picture in this case was different from that of convulsions. The 
bacteriologic findines of Rosenow?! in this case, which were carried 
out at the suggestion of Tovell,t! led to a similar investigation of 
cases of generalized convulsions. 

The characteristic severe convulsion associated with eeneral anes- 
thesia, to which I wish to call attention, usually begins with twitchings 
in the face; it spreads to other parts of the body with increasing 
violence, and may continue on for hours unless treated. Woolmer and 
Taylor,” who reported four cases in 1936, said: ‘‘The patient is a 
child or young adult with pyrexia, usually due to some acute septic 
condition. The theater is overheated. Atropine has been given, and 
the dose may have been excessive. The patient is deeply anesthetized 
with ether, the pupils being dilated and inactive to light. The color 
is, as a rule, good, and oxygenated ether is sometimes being given. 
The evelids start to twitch, then the face, and the convulsions become 
veneral. In the immediately fatal cases, after five to ten minutes of 
convulsions, the respiration ceases, the patient goes blue, and the heart 
stops; in other cases, the convulsions stop, but the patient dies later 
from cardiac failure; alternatively, recovery may follow the cessation 
of the convulsions. ”’ 

The type of muscular seizure that is progressive and that is not of 
short duratién may or may not be dangerous. The etiology may not 
be known, but in any event it seems to me that the important factors 
are: (1) the convulsions probably can be controlled by the use of 
barbiturates intravenously; and (2) the most dangerous cases are 
those in which there is profound toxemia, and, therefore, in selecting 
the anesthetic for such cases, it might be better to use spinal,** infiltra- 
tion, or block anesthesia, a barbiturate intravenously, or avertin to 
produce basal anesthesia, than to use an inhalation anesthetic only. 
In some cases of severe convulsions, the use of sodium amytal or 


pentobarbital sodium might be preferred to the use of evipal sodium 
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or pentothal sodium because of the prolonged effect of the former, 


but if either evipal sodium or pentothal sodium is used and is not 


fully effective, it could be followed by the administration of sodium 


amytal or pentobarbital sodium. 

Of the dangerous type of convulsions there are two, namely, those 
with severe symptoms and those with mild symptoms. The outcome 
in these cases reminds me of the outcome that can be expected in cases 
of tetanus, in which the prognosis is favorable if mild convulsions come 
on late and unfavorable if violent convulsions occur early. The con- 
vulsions associated with general anesthesia, however, are not to be 
confused with those of tetanus, but it is significant that the convul- 
sions of tetanus can be controlled with the powerful barbiturates even 
in a fatal case and also with avertin which, so far as I know, has not 
been used in the treatment of convulsions associated with general 
anesthesia. Preoperative medication or basal anesthesia with the 
barbiturates or avertin might be used in cases of severe toxemia when 
it is necessary to use inhalation anesthetics. 

The appended table reflects the value and character of the literature 
on the subject of convulsions associated with general anesthesia. Un- 
fortunately, too few details are presented in the reports of cases; there- 
fore, considerable confusion must exist in the mind of anyone who 
attempts to arrive at a decision in regard to the etiologic factors 
involved. When an overdose of a local anesthetic enters the blood 
stream, it may act systemically as a convulsant. When an author feels 
that a convulsion associated with local anesthesia is identical with 
the convulsion associated with general anesthesia, it only adds to the 
confusion that already exists.44 I feel that convulsions which are 
associated with local anesthesia should not as yet be considered to be 
the same as those associated with general anesthesia, although we may 
come to consider them to be. Some authors have felt that heat of 
summer was a causative factor, but it will be noted that such convul- 
sions have occurred in the spring, fall, and winter, as well as in the 
summer, and that many authors do not give the information as to the 
time of year in which this untoward reaction developed. 

The thirty-three various causes or significant factors involved in the 
production of convulsions associated with general anesthesia which have 
been mentioned in the literature are: toxemia and septicemia, 1% 49-57 
impurities 


58-62 


an excessive amount of carbon dioxide in the system, 
in the ether,*® °° ®-®S impurities in the oxygen, trauma,!? deep anes- 
thesia,! #4; 46, 49 68, 7-74 Wynoelycemia,® 1 1% ™ method af anesthetiza- 
4S 


tion,*®*” instability of nervous system,7*: #5 overdosage of atropine,*! 


20, 83 


cerebral anemia,™ alkalosis,* * 
bral accident,*4 disturbance of calcium metabolism,** ‘4 ketosis,®® 


overbreathing,”! idiosynerasy,® cere- 


a Rate hiee ein 6S: akaoe ean 











Rola i nda ll 


<Not 





SpA aaah bikes cia Gai SAE 











1 Are aRi EE aN OO YHA 


LUNDY: CONVULSIONS AND GENERAL ANESTHESIA 669 


heat,** ® 8688 youth,!? 97: °8 use of oxygen,** 8° anoxemia,” ® latent 
tendency to fits, 9! changes in the blood,“ overoxygenation,®! sex 


susceptibility,’? increased vascularity of brain cortex,?? 


concentrated 
ether,®’ deficiency of carbon dioxide, lightness of anesthesia,* hyper- 
ventilation,®* anaphylactic edema,'? hydration of protein particles in 
the plasma,’ and fits produced by convulsant poisons (fits caused by 
nitrous oxide and curare are respiratory fits).°° There are authors 
who just as definitely state that the convulsions are not caused by an 
excess of oxygen,’* °* deep anesthesia,®* excessive dose of atropine,®® 
idiosynerasy,*? the use of oxygen,®® or an excessive amount of carbon 
dioxide.!°° Rosenow and Tovell*! suggested that the condition is at- 
tributable to a neurotoxin or poison produced by streptococei in 
amounts insufficient to cause spasms in the absence of anesthesia, but 
which in the course of general anesthesia suffice to incite the muscu- 
lar spasms characteristic of this condition. 

It will be obvious that the confusion which exists in the literature 
should be only temporary. It must be possible to arrive at a decision 
as to the cause of this condition. In 1932, Blomfield!! requested ‘‘in- 
formation which may lead to the explanation of their occurrence and 
so to their prevention.’’ He asked that reports of convulsions during 
ether anesthesia be sent to him. If his suggestion had been followed, 
more rapid progress in the solution of this problem might have been 
effected. As has been said before, however, the important thing in 
medicine has always been to know how to treat a condition, regardless 
of whether its etiology is understood ; in time, the former phase of the 
problem also will be mastered. 

Since the patients have been children in at least 53 per cent of the 
cases in which the age was given, it would seem that this might be 
explained on the basis that children go into convulsions much more 
easily than do adults;®™ if so, the essential etiologic factor is not 


vouth.’°? JT am impressed with the work of Rosenow and Tovell, and 


I feel that they have offered the most convincing explanation of the 


cause of convulsions in the cases which have been studied at the elinie. 
Most of the other explanations in the literature have been personal 
opinions. Towever, IT wish to call this condition to the attention of 
those who directly or indirectly have to do with the administration of 
anesthetic agents, to suggest a more careful choice of preliminary 
medication and anesthetic agents, and to suggest the administration 
of a soluble barbiturate intravenously for svmptomatie treatment and 
for the control of the convulsions so that this or additional treatment 
may be instituted in order to reduce the fatalities which are oceurring 


much more commonly than has been realized. 








SURGERY 


LNA W LV AML 


Chloroform 





SALAINIW “CSNOILS'LAA 
NOO AO NOLLVYLIG 


a) 
















“ne 
nes soit -Sae 
aASAVO AO NOLLVN L nf S 
VIdXd S,YOHLAV| & 2 = = 

2, % De a 
+ = AES 
A+ > Ss 0 








MOH LA 
10 SISMIVNV 


No im 


NOLLVULSINTIWAY 
10 GQOHLAIW 


ANESTHESIA 







7, 
a ee MLAHLSANV 
—_ _- but fu 
ng © © 
Z NOLLVOIGAN 
“ AUVNIWITANd 
TL 
Z 
Z || NOLLVYadO AO ANIL), 
zi LV “dWaL YO ANOd - 
- SVM NOLLVuddo | = 
° HOIHM NI HLNOW | 
ae = 
XaS GNV 
‘SUVAA ‘ADV |.- ‘ii 








NOLLVUAdO 
NO SISONDVIG 


SHALVAd 





CALYOdAY 





SaUsSvo 











NOH LAV 


Ashworth 
Bowman 


ines- 


Dee 


} 


| Ether 


9 


Bovle? 











carbon diox- 


Oxygen and 
form; 


~~ 
DD oi 
n 
t. 


_ 
= 
_— 






oxygen, and 


ether 


Nitrous oxide, 


Ss 
tt oe 
A 


M 


Bovle46 


oxvgen 


Nitrous oxide 


February 


= 
= 
~ 
ae 








induction: 


ether 


for 


for 


mainten 


ince 


‘ 
« 


Cessation of 





( Jpen 


thyl chloride 


’ 
4 


Brown1e3 


induction; 


ether 


treat- 


active 
ment 


for 





for 


mainten 


ince 





























sane 


ee eae 


Sa wei Palle i 


pica ya tienen ai 





ANESTHESIA 


GENERAL 


“4 
< 


s 


CONVULSION 


LUNDY 


18 Y, ‘oyeyd 
jus ourydaow 
SSTPRILIIG] 


“18 Y% ‘oyeyd 
-jns ourydaiow 
:dplxolp WOg 
-IB) puB Ues 
Axo {uesAxQ 


Modo] 





BIULIXOUB 
psstolold 


jaye 
OY -OULW BIST 
0} oNnp Xe} 
-100 JO AJL] 
NOSBA 
“ur SALT 
-Wdaosns Xeg 


PosBady 


s, Soul 
“YBa | 
Ss, uv 
-l0W (T) 
wo1jd.0os 
“GB aprIxorp 
uoqiey (T) 


1 ) 


Oprxolp Uoq 
-1B0 JO SSIIXY 


UdSAXO PUB 
dUIJATJoO PUB 


JPIxXO SNOTJIN ‘oO ‘W *H 


LIU 

OSB) 19 JO 

UB UL Poy JUL 
8, SOUL PEMD) 
Aq pole} 
SIULUIpB UIs 
AXXO puBe dplxo 
SnoI}IU fasBo 
ouo UL poyyoul 
8, uBsi0yy Aq 
pelo SUL pe 
Idy}o fasRo 
ouo UL dU} 
wond.aosqe 
YprxXorp woq 
IBd AQ Pole} 
-STUIUIPe 1oyyy 


tu10 FOLO]U,) 


Iu 


d,LNOQO—] WIEVL 


su 


IN 1z|-tpuedde ojynoy cqMaUa[() 


AL PIYe 
L a osBo) oUO UI 


synpe F) stisdas ojuyed 


dSBoO 9UO UL ST} 
-Tuojtaed pezt 

R00, fsasRo 

Uwedtp OM} UL ST}TU 


[IY |-Optaed = Routes) 


aq | 
NPV 


[Jeng 


038))01N,) "1 


BILLY 
q iivdei pue 


yOpV Awi0jo1ed ey uvuvyong 


SABA ase CS AN ARIA SSS ere ROTEL SRF et Ee eT 





SURGERY 


ind 


earbon d 


LNAWNLVAAL 


Oxygen 


SALANIW “SNOIS'TAA 
NOO JO NOLLVY.LIG 


ur- 


« 
« 


ASAVO dO NOLLVN 
-VIdX4 S, YHOHLAV 


il vaseul 


inesthesia 
brs 
ity 


ilde-| Lmpuritic 


YAH 
AO SISNIVNYV 


Acet 
perox 
purities 


Ss 


on 


ray 


NOLLVULSININGY 
40 GOHLAIN 


semiclosed 
rized with 


mask ; 
hipw 
oxygen 


Ether 
Ss 


Open 
Open 
Open 


= 


ILAHLSANV 


lowed by ether 


form, 


Ethvl chloride 


= 
< 


Nitrous oxi 


ther 
Ether 


I 


NOLLVOIGGIN 
AUVNIWNITTAYd 


Atropine 


NOILVUddO AO AWLL 
LV ‘dWaL YO ANOG 
SVM NOLLVdddO 
HJIHM NI HLNOIX 


| March 
Mareh 
July 


K 


XdS GNV 
“SUVGA “ADV 


9g 


a 


NOLLVUddO 
YO SISONDVIG 


with abscess 


Ruptured ven 
Appendicitis 


SHLVAd 
GCALYOdaY SASVO 


HOH LAV 


Clement 





ANESTHESIA 


< 
7, 


AND 


CONVULSIONS 


LUNDY 


uds 
-AxO puB apt 
xoip udgJaB,) 


UIsAXO 
pue W10fFOLO]Y,) 


Sop tluoaqg 
puew UuasAXx(— 


UdsAXQC) 
poestBi SBAL 
peo] 8, JUITJEd 


1d jo Jo 
uol tsodulood0(q] 


uotjtsod 


SANGUI[IPUIL LF, 


Oj [BJUOZLIOY 
Wott, IGUBYHO 


{q posneod Bil 


ou [BAqd10,) 


Wd} 
SAS SNOAJLOU 

yo Ayypqeysut | setjiand 

p) B BLULIXO T, -ull ON 

sol} 

rindwt 

, Loy jo 

pur 

‘sopay 

lo }o UL Sel} ope 

indut puv ‘sop 

RIM IXO} “Yyno kh xXO1dd 


JP LXOLp 


WOgibe jo JOVAY 


-XO PUB JoJo 
poe RsjyUdIUO,) 


Idy}o 
puv ‘WasAxo 
opuy| ‘eprxo snoajtN 


[BoypoRay 


oouRu 
OJUTRUL 10J 

UIsAXO PUR 

loyjo :Uol p 

UL 1OF Ad Jo 

s, ABMd yg |puB UWAOFOLOTYL 
oouRBu 

OJUIRUL 1OF 

UIGAXO PUB 

Lda - UOLJONp 

ul 10} Jd Jo 
s, ABMS |puw WO FOIOTY 


uad() 1G 
poyjoul 

usdo Aq 1vye 

usy} {uoTjoNp 

-UL 1OF L9YJo 
uvdQ |puew Wao FOIOTY 


quod 1oyyg | 


s, ABMdTYS | 


oy 


"13 % 
oyeydyns 

ourydazou ssovs 
“Is S54 qv UBLIBAO 


oqny [Bld BIT 


st}torpued 


euidoizyy | ysnsny |p j, "de snoueisurr 


stjluojtioed 
[Bov000UINIU | 


SnUIS 
[B19} 8. JO SIS 
OquIodyy YIM 


Ol SUIPLOIsVN | 


xtpuod 


Q@| -de poaze10jzi0g 


9 SUTPSUOT, 


cglOMO 


za WOMB 


gr IOMBAY 


ou0js 
-1dY} BaF 


co SURAT 


UOSYICT 


FOTSULYMEB(T 





ad, LNOO—][ ATAV.L 





SURGERY 


chlo 


intrave 
10 per 


ealeium 


LNAWLVAYL 


nously 
continued 
ether ) 


ve 
Oxygen (dis 


Caleium 


SALANIIN CSNOTS'LAA 
-NOO AO NOLLVULIG 


ary de- 
ingement of 


ealeium 


AS.AVO AO NOLLVN 
-VWIdX4 S, HOHLAV | 


abolism 


« 
« 


| 'Tempor 
r 


HAH La | 
140 SISNIVNY 


1 


NOLLVULSININGY 
AO GOHLAIN 


iche¢g 


« 
« 


tr 


Semiopen 


Open 


| 


und 


ethyl chloride 
ince 


ince 
‘ 


for 


ILAHLSANY 


induction; 


induction; 
ether 


«d 
a) 
of 
'K 
al 


mainten 
vinten 


oxygen 


for 


Nitrous oxide, 
in 


EE 
wt 
re 
Z. 


| 
| 


NOLLVOIGAW 
AUVNIWNTIAd 


| Atropine 
| Atropine 
| loo gr. 


NOLLVUddO AO AWLL 
LV ‘dWaAL YO ANOd 
SVM NOLLVUAdO 
HOTHM NI HLNOW 


Hot 


X48 GNV 
“SUVGA “ADV 


[3] 


gas- 


of 


NOLLVYUdO 
HO SISONDVIGC 


ited 
uleer 


‘enous ap-| Child 


peritonitis 


fection 
or 


trie 





In one case, In- 


Ruptured ee- 


Per 





SHALVAC | 


GA4LYOday SASVO 


Human! 


MOTLAY 


Hudson‘44 





ANESTHESIA 


= 
Z, 


AND 


JILSIONS 


CONVI 


LUNDY 


UISAX(Y)| (I 
Cl 


oO} 
— 


IAXO Ol 


J}JRBUOD) 

pO WNL]TRe 

JO UOLRAYSI 

-ULUIPB SNOUVA 
-BAJUL SUdGAXG | CI 

UdGAXO 

puve UWAOFOLOTY, ) 


SULY}BIIGay 


SULy}BILGoy 





aptxo.od 
JO SdIBIL 


aptxo.tod 
JO SdIBA YL, 
BISVYISGUB JO 
SSoUYStp Isyy 


O} AUVPUY J, 


ASVALDUASOLDP | 
JPLXOTpP UOGIB) 
JO ADUVIOYo(] 


JPLXOLp | 
-1B) JO ADU) 
yop 10, AL0 
-oy} Biudeoy ,, 

JPIXO[p uoYg 
-IB.d) 40 AJUVI) 


-Yop “SISO[RYLYV 


dIUBUOJUTBIU 
10} 1d od 
> UOL}ONpUl 
IPLIO[ Yo JAY 


8, OL .0g ad ESC 


ULLO FOLO TUS) 


LITO 
puv ‘uweasAxo 
‘OpIxXO SNOAILN | 


Loy 


iayyo 
pues ‘uadAxo 

peso[y “IPlxo SNOIJINT 
ues 

uvdoruiag | -AxXO pue Loy 
QJUBUOJUTBUL 

LOF JIdyjo 

{uOLjonpuUl 

1O0F 1dYJo pue 

epuloyy [Au 


ude 


ISOTOTUVG -AXO PUB TOYS 
I [PTUs ex 


ad, LNOY- 


Ae? TX 


stjlorpued 

-de aynorqny 
Siesuy 

JO ainyoVay 
-U0Dd [BIdLIYR. 
uot} 

-eiado [Bjueq 


xtpued 


a gc |-de SNOUSUBS) 


ST} 


-WLOAON | I g |-tpuedde oajnoy 


styvoipueddy 
Jdo[N dtl} 
IN t6F “SBS Po} B1O Jo 


P[BUO(T TX 
OLIN’ | 


MOWRY 


} 


egduley 








SURGERY 










‘al 


OXV- 













bon | 
z5 OD o- z | 
LNAWLVANL ZORSHS| 
See°k s| 
Se S8& S| 
" “4 








SALANIW “SNOIS'LAUA 
-NOO dO NOLLVYAIG 














= ss ‘= Be 1a. 

= a S .lz28 ele a aon 

; 2 FS Fis Se Sos ee 

R . = © Fe on — mea = 

ASAVO dO NOLLVN [2 ~-oO ng SIRT RIET B 4 
oe |e ae eSieS&sgla& a iS a 
VIdXd S, YOHLAV |e aC OM Se Ie F OID @ aor 
5 oe ee ie 
= MSCS ES SIE E be Eb. Seu 
BemSe PL HIS = KR) Sea & mS Pe 
= a~ ~ = eT ew ew Ol aA eH OS ra = F 

| om} ~~" - ~~" _ 










Ya H LA 
10 SISNIVNV 


ices of | 
impuri 


ties 









hy. 






| NOLLVYLSINIWNGV | = e 
\| 10 COHLAN | Dy = 
\| mR ES = 
~v O YF sy 5 
i | © 
: S, c = 
a oe | 4 A * 
cs cra be ied \E 
Z ae = = = 
= LAHLSANY nF = = S 
s a ye 0 a oO =10 
~ = SBS s2 =@ Sele 
oS > a” ia” 15 ig 
















TABLE 


NOLLVOIGAIN 
ANUVNIWUIAUd 


Atropine 
M400 gr. 







NOLLVYddO AO AWLL a ee 
LV ‘dWaL YO ANOd eV rao 
SVM NOLLVYddO)6 SA We TS 
Ar om os 





HJIHM NI HLNOIW | 5 





on = “ 7 

of \— a wae ca 

xdS GNV|¢& mS sac Tt 

SUVAA ‘ADV | 5 = Sh > |ocha eo 
a On < an =_ 











— pos am 
a 2 . tee 
5 ay = = on 
NOLLVYAdO oy ee oon ae 
~ va = -_ 
ai tactic oS q ey eS 
NO SISONDVIC r i 
o = Solo zm 
=e = Bowe & FZ 
~~ - =) =~ oS = 
oS cnet S Seais.= 
“ = aerliare 
‘ eo ‘ 













SHLVAd 


SASV) |= 









CaALYOdaY 












© x = |S = 

3 y N Ed ® }= = 
HOH LAY = oe lS Y = 
Ye ‘ =| i: > 

tte 5 13 |= |Z 

we a) |} lo Joe 

—e _ —_ la ~ 

o am] 1 _ jee 








SSTHESIA 


GENERAL 


CONVULSIONS AND 


LUNDY 





A[SNOUWdA 
-BIJUT polo} 
-SIUIMIPB o}eU 
-Oon[S UWINId[Bd 
pues ‘ourme.109 
‘asOljXep + apt 
-XOIp woqiRo 
pue uwasAxQ 


WISITOGB} 
-OUL WNId[Bd 
FO ouRqanysi( 


jUuop | 
-100B [BIQ9109/) | 


ain} 
-ound requir] 


sotjtind 
BIUIOXO],| -Wt ON 


uasAxQ) | 


uory 
TjoYysoue 
JO poy 


-SBUL DBIPIBd 
:SJUB[NUIT}S 
‘uorpeaid 

“Sol [BIOYIIV 





snuis pty 
-0180 UO 91S 
-soid {uorjed 
-1dsal [BIoyns1y 





"13 % 
oyeydyns 

eye | surydiou 

pus ‘uashxo | {198 OSl, 


T 
‘aptxo SNOIJIN'| ourdoiyy 


| 
| a8 % 
| o}eydyns 
| oye | ourydiour 
| pues ‘uaskxo | {15 OSl4 
| ‘gprxo snoajIny| ourdoizy 
| Ioyjo pue 
uedQ}| apoyo Au 
| 





| 
| 
: 19yy 4 | 


quioq | Joyjyo pus 13 0% 
S,UOsUIg| optuolyo TAYIG 


quioq | 
, uosutg 1oyyq 


} 
| 


| ogurdoiyy 
| 


iy) aurdouyy 


quioq | 
8, UOsUr | 


qutoq 


8, UOSULg lay | = aurdouyy 


JOH GI 


| 
| 


10H 


1aq 


auidosyy | -waydag | py 


| | 


| 


iL 


T 


OS 


ssoosqe dIA[ed 


Sear 
-oj1sed pur 


IZ stytorpueddy | 


xurd 


-jesokd oynoy 


eg|qsho ,,Ari1vJ,,, 





sie! 
| 


19q0VO |W 


xtpued 
|-de snousisuey 


T 








g,UOSULG 





ad, LNOO—I ATAVY, 





SURGERY 


in- 


LNAWLVAYL 


ral of 


50 per cent 


solution of 
ivenously 


dextrose ad- 
ministered 


of 


Oxygen, dex- 
tr 


Oxygen 
Remov 


SALANIW “SNOIS'LAA 
-NOO JO NOLLVYAAG 


Ss 
) 


oxygen 


AS.LVO dO NOLLVN 
“VIdX4 S, YOHLAN 


4 


Use of 
Trauma 
‘oxemi 


r 


Ud Le 
AO SISN'IVNYV 


purities 


| 


NOLLVULSINIWGV 
AO GOH LAIN 


Shipway’s 
Boyle’s 
Closed 
Closed 


ince 
ide 


luction; 


for 


ILAHLSANY 


= 
a 


and oxygen 
for induction; 
ind oxygen 
maintenance 


mainten 


ether 
mt 


Nitrous oxide 


Ether 
Nitrous oxi 
Nitrous ox 


ite 


NOLLVOIGAIN 
AUVNIWNITSAd 


sulph 


Scopo 


NOILVYAdO AO AWLL 
LV ‘“dWaAL YO ANOd 
SVM NOLLVUAdO 
HOM NI HLNOI 


XAS (NV 
‘SUVAA ‘ADV 


per- 


NOLLY wad O} 


NO SISONDVIA |} 


a 
‘ 


citis with 
itonitis 


tibi 
Gangrenous ap 


SHLVAC | 


GCALYOdAY SASV.) 


YOHLAYV | 


Roven 





UOLBZLLIY Yo 
-I9AO ¢ Loja 
ut sotjtundury ly 





SBUIOY J, 
pest SBM : 
pBoy Ss, }UeT} 
vd ‘ ouryd 
LOW fept 
-XOLp UOqIRd WISAXO loljjo pur Seto) 
puB UdSAXG | ut sotjtindury peso)! epLopy [AW ipusdde oynoy 


ES 


or sey tg 
sorjtindwy 1G xurdyesodg 998ayAg 
word.aosqe 


AN 


IXOLp you JO 
UdTAX() uoqAB,) Loy j sepou ydurary Paloma 
ONUBUOJUTRUL 


< 
as 
es 
ea) 
AZ 
3) 


lOF JVYJo Is stjtotpuedde 
SIpluLodg -UOTpONpUL 104 JULIPOd 8jnoB JO stsou 
‘QULEpoo uasAxO puBw | fis | 


I -OBIP UdyZB)} 
‘UaSAXQC) Peso], ) Opltxo STOLEN, ourdolyy ARVIN IN situ + SO[SBo] UBATT[NG 


dy] Nal 


AND 


Ppsnulyuon 

‘SIP Oj Souy loud 
UdIGAXO Ajiind 

ut settnduy 


RINISY [Boy 
xtpuoed 
“UL OF peso], IYI F[ -dew snousisueRy | = gg tug 


CONVULSIONS 


xtpued 
JusWao dTVdag | ly yy pryo |-de snousisuey 


xtpued 
JUVTTO OTVdeg | PEI BIG| pltyo |-de snousisuey 


LUNDY 


rote) | 
jo uorjeynd 


we pus urys | 


oq | 
| 


UsSAXG)| CT JUatUae oTdag | ueda Loy yy -WoaAON JY a | JO oUdLSURL uoUIIg 


a, LNO)—] A1aVL 








@sO1}Xep JO 
WOT} BAYSTULUL 
-peB snousaeBi} oye 
“ul Aq poadl] pus ‘uasAxo I stjlorpued 2 “A 
-o1 AT[VIWAVG ‘gprxo snodjyin | autdoiyy YoueyN | : -de ormosyy) _ sg SUOSTEAL, 


“1S OG 


BIUevATSOd | 
or UOSTE AL 


asvo au0 
UI dUdISUBS 
punoj SVs fsasBo 
Iay}o SOT} Q]|| ve1y} ut ‘S910 ‘aS 
ut sorjiindwy -induiy | oy | > -j |-tpuedde oynoy | ‘WOSTIM, 


|setjztind | Joyjo pure "1d OO, xx 3880 | 
BIWOXOT,| -Wt ON | uodQ} epmopyo [Ay eurdoiyy ‘ » | yo uoryworddy| | | — ABMTTEM 


| F Sty | | 
Loy yy | , -puedde- aynoy | | 1rrteqoM 


oprxos0od 


WUOFOL | “AS 00, 
uedg |-o[yo pue Loy 


eurdoayy ; £u0j018dv'T7 | 4 MOIR AA 


poio4st | | | | 
“ULL pe opl | | | | 
-xoOlp UOG1Bd | 
pue uadsAxo 104} | 

; penurjzuod pus ‘UeasAxo 
-SIP otjoyjsouy ermaoA[S0dA ‘aprxo SNOIJIN 


jOoF 


jo Ayru10Feqq | IOUSBM 


ls 
— 
+ 
— 








and 
{adO 


YAH. | 
HLNOW 


40 SISA'IVNY | 


10 ANOC| 
SVM NOLLVUddO |= 


HOIHM NI 


10 NOLLV? 
10 NOILLWN 
-VIdXd S, YOHLAV 
XS NV 

‘SUVAA “ADV 

SHLVaa 


a 
« 


NOLLV 
uO SISONDVIAd 


40 GOHLAW 


JILAHISANY | 


LNAWLVAN 
AUVNIWITAYd 


dqaLuoday SASVO | 


NOILVULSINIWGY | 
“d WAL 


NOO 
aSQAVO 





SAELANIW “SNOISTOA 


LV 








d,LNOQO—T ATV, 





Oprxorp uoq 

-IB0 puB Uds 

-AxO {BOY} 
JO muOoTyEqny 

ut {uorjeatd 

“Sod [Boyar | ‘ad 0014 SII) 
‘ouraydoutdy | Oo] uedo ‘1aA0]i) ioyyy | osurdosjzy | : 0z|-tpuedde oaynoy 


A|SNOWIABIYUL 
poro}stulu pe 
wnipos ued 
“TAD + BOYVBIY 
FO UOTZeqnyUI 
{ poloysruru 
-pB alam WOF 
-O10[YO pure 
OpPlXOIp uoqIiBod 
pue wasAxo 
{pastvl SBM 
peoy Ss, jUueT} 
-ed ‘ penurjuo0o 
-SIp Jayje Jo Jogqyjo pues 
UOTZBAYSIULUIPY | CZ uedg| eprworyo [Aya 


ANE 


NERAL 


GE 


AND 


SI}lo 
as S44 -tpuedde sno 
ourdoiyy | Gf |-WeIsuRs ojnoy| fT 


| 


poleqstulu pe 
@plxoIp woq 

-180 pue uasA | "ag OSTY 

-xo {ponurjuos | ourdo13ze 
“SIP Joyjo Jo | Jayje pues I 


| Scag OO, SI}IO 
uolyBIystutUIpy | ¢ : usdg eprorye [AyaG | ouidouy 9 -ipuedde ayy 


. 


CONVULSIONS 


| 
| 


| 


poseysturUpE | | 
@PIXOIp Uoqivo | | 
pue uasxo 

‘ ponurjzu09 | 


LUNDY 


| IO[AR I, 
-SIP Joye Jo "18 00 | | }4 | pue 
) 


| 
| 
WON4BIYsIUIMIpY | £ | uedQ! Idyya 


‘guidosyy | oLS| a FI | -ployseu at IdUJOO AA 


| 
| 
i 








a,LNOO—J ATAV YL, 





eursydeuide 
jo uodljool 

-UL VBIPABIBIY 
-ut {uorjeaid 
-Sol [BOY 
> OplxoIp woq 
-180 PUB Was 
-£xo {$UdSAX( 
Vprxotp UoOq 
-18) PUB USA 
-xo {uotBard 
sod [BlOyTAe 
:4jJiBol] OFUI 
pojoelul ould 
-ydoutda {Ay 
SNOWIABALUL 
Pole JSUT PB 
UOIYNOS oUuITRS 
oisoporsAyd 





"as OSG) 
ourdosy}e 

Iayjo an Or | 
pur ‘uedAxo oyeydyns 


‘aprxo snoayIN | ourydaozy 6 |-1pueddr 


"15 008 


ourdoij}e 


Iayjo 61s 04 { {UOT}BIOJ 
puv ‘ues4xo ayeydyns |-dod YIM ST}LO 


pues 980.1} X9(] | oplxo snoajIN | vurydaoyzy - |-tpuedde oaynoy 


A[SNOUGA 
-BIJUL Polo} 
SIULUpB [By 
-nqweu !aprxo 
-Ip U0OGibd PUB 
UsSAXO $91N} 
vund aequny | ST}LUO jf 
{pesret SBA oplLlopyo [Ayo “15 OOL4 -1ed pue siyto | 
pBoy 8, JURE | pue asqyig | ourdoazy | | |-tpuedde oaynoy} 


= 
= 
— 


ZI you MA 





| 
| 
} 
| 


Id 


ML 
1dHLa 
SISMIVNYV 
14d 0 | 
HLNOW 


4 
« 


1 


NOLLVN 
SHLVAC} 
i SASV 


HOH L. 


+ 


ILSININGV 


NOLLVU.Ad 


NOLLV 


NI 


10 GOHLAIN 
ILAHLSANY 


LNAWLVS 
TVNIWITS 


AO 
‘ 


10 SISONDVIG 


AO 

re) 

A 
Oda 


’ 
« 





-WIdXad S$ 
10 
NOLLV 


ASV 
SVM 

HJIHM 
dad 


SALONIW ‘SNOISTIAA 
-NOO 


ad, LNOQ—[ WAV, 





IA 


Ss 


ANESTHE 


INERAL 


GE 


A 
¢ 

4 
< 


CONVULSIONS 


LUNDY 


“aNDYO you PID 
SUOIS[NAUOD ‘sJUBSe OTQeYyYSeUB oUtes ey. YUM puB sUTYORUL BUTeS BY} YIM YSeyJsoue sues ayy AQ pazeyjsoue sem yUuoTVed J9}}e] 9Y YSsnoyILV 
‘U00. JUIRS 84} UL UO pPa}edodoO SBM Stlorpusdde aynoe pey OsTe OYM YuaTyed asy}JOUBR ‘WOOT BZulyeiado 94} Yo, JUoTZed VY 193JB SuNnOoyY MojJ Wit 
"INDO JOU PIP SUOTS[NAUOD jnq ‘BIS9yJsSIUR J3aY}e8 JapuNn 
peauedo 2M SNUIS [B19}B] VY ‘UOIZBIIdO 4Ysuy ayy a9Je SABP UDddzJIY] * podO[sAsp SNuIs [e19}e] VY JO SISOqUIOIY}, PUB BIUIBIYdVS DI0D0zdaI}g44 
‘oyeyd[ns vsurdouye jo ("ws 
9000°0) “43 00T/T JO paysIsuod UOT BoIpeUt Aeuruutpoad 942 puR ‘poyjoul usdo 34} Aq peta sSIUIlUpBe SVM JIYjd IUL “BISQYJSIUB J9YJa JapuNn psauso0j 
-lad SBM UOI}BeI0dO SIU ‘“SUOTS[NAUOD AUB BONpPOId JOU PIP ‘49zBL SANOY 4YSloe-AJZIOJ Ppoulsojiod SVM YOIYM ‘STOTBO SO BY} JO UOIPBIOTAX 4 ~ 
“BIZo]dIp [Baqai90 pey pue ([eIUeSUO0D Jou) epeRLs YSI9MOT OY} JO POIPE UB SVM jUdT}ed 984} ‘UO!ZeIVdO VY} AaqzeR Siva OM} UVIS UIY MFA 
‘sunoy MojJ }X9U 9Y} UL UOIQZBUNpP A9aJZOYS JO SainzZlas 9va1y} 
AG PaMOT[OJ SVM STU} + a3nuTIWU BUO PdaISBlL YOIYM BAINZlIsS BAISTNAUOD B psonpoid BIseyysoue JNOYIM UOTMOBA, PaseBoidUT ‘UOTZRIIdO PUODIAS ay AaB 
sAep Moj V ‘smojyduiAs [ensnun Aue vonpoad you pip ‘orayzsoue sues 894} YYWM J9zR] SYQUOLU XIS pslusoOjiod SBMA YOIYM ‘UOTZBIVdO PUOdDdI|S Vv» 
*RuUstUOUDYd sues 3} poonp 
-oid ‘poyjeut PeayoeRayeaqur 3y}y AQ pPesoNnpuUl BISayJsouB J9aYyJo PUB UBISAKO JIPUN AdzBL SYIOM UVAVS psuUldojJod SBM YSOIUM ‘AWOPIIGSeS [eNsKgt 
“euswOUsYyd sues 34} pesonpoid ‘49,7e], SY9IM VAIYY PsUlOjIod SVM YOIYM ‘XUL0}D90.QSRS Teaegd 4 
‘[NJJUsAVUN ApaIQUS SPM ‘BISOY SIU UvSAXO PUR TOYO Jopun AWOJOIRde, B ‘UOIVRIedO PUuOdaS, 
; “18 OST4 ; ; i 
eurdo1}e 
uotdiosqe Si WH 
OPlXoIp oyeydyns ttsujtmrpuedde 
uoqiB, ourydao yy A[NG?| J 61 juopnand aDIV | 


UasAXO "15 00%) 
pue A[SNOUWGA Joyjo pur outdosje Sty1u0yLIed 
-B1IJUL dSO1}XOP ‘oprxotp woq Sis % dt)d000TENEUG 


‘ A[SNOWUIABIYUT -1B) ‘UadAXO 
[BJATIE wuntpog 
ain} 

-ound yeutds 

£ A[SNOUDABIYUL 
jejAme wHipog 
Oplxorp uoq 
-1B) pue ‘ued 
-£xO ‘oUTUIBIOd 
$a}evozueq wn 
-IpOS aUlayBo 


9}80Z 
-Usq UWMNTpos 
‘dUla eo purv 


outiydourdy 








[Boy Bay 
-BI}U] 


ayeydyns 
Joyjo pue 15 OSTY 

‘aplxorp woq ourdoije 

-1B) ‘UISAXO 

‘dIprxo SNOIJINT 


‘aprxo SNOIJIN | ourydaozy 


oye "18 0054 
pues ‘aprxorp outdoaye 
uoqivs ‘ues | fuss 

-£xo ‘oue[{yye | oyeydyns 
“Oplxo STOLEN | 


| 
UISAXO | 


pue ousfAyyg | 


ad, LNOQO—] AAV, 


IOJ} asvuleBip 

AIBNUIQO jvulMO pg y 
“a 

stjtotpued 

-de snousis 

UBS ‘aInoy 


| stjlu0jtied 
| pu xtpued | 
-de poinjdny | 





stj}lotpued 
Ll -de ajnorqng | 


|So}BlOOSSB 
pue Apun’y 



















oO 






































. Clement, F. W.: Convulsions During Anesthesia, Anesth. & Analg. 7: 72- 


19. 


20. 


SURGERY 


REFERENCES 





Bowman, F. H.: Convulsions Under Deep Anesthesia, Am. J. Surg. 23: 295, 
296, 1934. 

Branower, William: Convulsions; Under Ether. In: Minutes of the regular 
stated meeting, New York Academy of Anesthetists, held at the Academy 
of Medicine, New York City, Oct. 10, 1935, p. 11. (Mimeographed for 
limited distribution only. ) 

Buchanan, T. D.: Convulsions Under Ether. In: Minutes of the regular stated 
meeting, New York Academy of Anesthetists, held at the Academy of 
Medicine, New York City, Oct. 10, 1935, p. 9. (Mimeographed for limited 
distribution only. ) 

Burwell, J. C.: Convulsions Under Ether. In: Minutes of the regular statea 
meeting, New York Academy of Anesthetists, held at the Academy of 
Medicine, New York City, Oct. 10, 1935, pp. 10, 11. (Mimeographed for 
limited distribution only.) 


1928, 
Editorial: Hypoglycemia and Convulsions, J. A. M. A. 86: 1351, 1552, 1926. 


. Jost, Franz: Convulsions Under Ether. In: Minutes of the regular stated 


meeting, New York Academy of Anesthetists, held at the Academy of 
Medicine, New York City, Oct. 10, 1935, p. 11. (Mimeographed for limited 
distribution only. ) 

Kemp, W. N.: Tetany During Ether Anesthesia, Anesth. & Analg. 12: 1-4, 
1933; Brit. J. Anaesth. 9: 169-174, 1932 

King, H. J.: Convulsions Under Ether Anesthesia, Am, J. Surg. 30: 182-184, 
1935. 

Krakow, M. H.: Convulsions Under Ether. In: Minutes of the regular stated 
meeting, New York Academy of Anesthetists, held at the Academy of 
Medicine, New York City, Oct. 10, 1935, p. 10. (Mimeographed for limited 
distribution only. ) 


. Lundy, J. 8.: Inhalation Anesthesia, M. Ree. 23: 1-5, 1956. 


Rovenstine, E. A.: Convulsions During Ether Anesthesia: A Case Report, 
Anesth. & Analg. 14: 40-42, 1935. 


3. Sears, J. B.: Late Ether Convulsions; Report of Two Cases, J. A. M. A. 100: 


1150-1152, 1933. 


. Sullivan, J. E.: Convulsions Under Ether. In: Minutes of the regular stated 


meeting, New York Academy of Anesthetists, held at the Academy of 
Medicine, New York City, Oct. 10, 1935, p. 5. (Mimeographed for limited 
distribution only.) 


. Sword, B. C.: Convulsions Under Ether. In: Minutes of the regular stated 


meeting, New York Academy of Anesthetists, held at the Academy of 
Medicine, New York City, Oct. 10, 1935, p. 9. (Mimeographed for limited 
distribution only.) 


3. Wagner, E. C.: Convulsions Under Ether. In: Minutes of the regular stated 


meeting, New York Academy of Anesthetists, held at the Academy of 
Medicine, New York City, Oct. 10, 1935, p. 6. (Mimeographed for limited 
distribution only.) 

Waldbott, G. L.: Late Ether Convulsions, J. A. M. A. 100: 1557, 1933. 

Wilson, W. 8.: Convulsions Under Ether. In: Minutes of the regular stated 
meeting, New York Academy of Anesthetists, held at the Academy of 
Medicine, New York City, Oct. 10, 1935, p. 10. (Mimeographed for limited 
distribution only.) 

Wilson, W. S.: Convulsions Under Ether Anesthesia, Anesth. & Analg. 14: 
281, 282, 1935. 

Collip, J. B., and Backus, P. L.: The Effect of Prolonged Hyperpnoea on the 
Carbon Dioxide Combining Power of the Plasma, the Carbon Dioxide 
Tension of Alveolar Air and the Exeretion of Acid and Basie Phosphate 
and Ammonia by the Kidney, Am. J. Physiol. 51: 568-579, 1920. : 


. Grant, S. B., and Goldman, Alfred: A Study of Forced Respiration: Experi- 


mental Production of Tetany, Am. J. Physiol. 52: 209-232, 1920. 

Pike, F. H., Elsberg, C. A., McCulloch, W. S., and Rizzolo, A.: Some Observa- 
tions on Experimentally Produced Convulsions. The Localization of the 
Motor Mechanisms From Which the Typical Clonie Movements of 
Epilepsy Arise, Am. J. Psychiat. 9: 259-285, 1929. 

Mytinger, W. H.: Anesthesia in Epilepsy, Am. J. Surg., Quart. Supp. Anesth. 

& Analg. 30: 109-111, 1916; Lancet 116: 317-319, 1916. 

















LUNDY: CONVULSIONS AND GENERAL ANESTHESIA 685 


24. Smith, F. W. G.: Ether Convulsions or Heat-Stroke? Brit. M. J. 1: 77, 78, 1934. 


Late Ether Convulsions. Derangement of the Heat-Regulating Mechanism 
of the Body as a Major Factor in Their Causation. A Preliminary Note, 
Irish J. M. Se. 6: 577-590, 1936, 
. Smith, P. J.: Ether Convulsions, Brit. M. J. 1: 901, 1935. 
. Gardner, Bellamy: Convulsions During General Anaesthesia, Brit. M. 
1095, 1931. 
Muskens, L. J. J.: Convulsions During General Anaesthesia, Brit. M. 
897, 1927. 
. Anderson, W. D.: Ether Clonus, Lancet 2: 949, 950, 1917. 
Baker, A. deW.: Ether Clonus, Lancet 1: 25, 1918. 
Blomfield, Joseph: Anaesthetics in Practice and Theory, Chicago, 
Chicago Medical Book Company, p. 144. 
Boyle, H. E. G.: ‘‘Ether Clonus’’; Aldehyde and Peroxide, Brit. M. J. 2: 


566, 1927. 


32. Carr, F. H.: ‘‘Ether Clonus’’: Aldehyde and Peroxide, Brit. M. J. 2: 664, 


1927. 


33. Clément, Hugues: Trépidation épileptoide et anesthésia, Compt. rend. Soe. 


de biol. 86: 692, 698, 1922. 

. Corfield, Charles: Ether Convulsions, Brit. M. J. 1: 1052, 1935. 

Holroyd, J. B. H.: Ether Clonus, Lancet 1: 618, 1918. 

Lannois, M., and Clément, Hugues: La trépidation épileptoide du pied pendant 
l’anésthesie, Lyon méd. 104: 1196-1202, 1905; Rev. Neurol. 13: 511-518, 
1905. , 

Rietz, T.: Tremblement pendant l’anésthesie générale et moyen de l’empécher, 
Compt. rend. Soc. de biol. 85: 1154, 1155, 1921. 

Rood, F. 8., and Webber, H. N.: Anaesthesia and Anaesthetics, New York, 
William Wood & Company, 1950, pp. 154, 155. 

Vignes, Henri: Ether Clonus. Lancet 1: 550, 1918. 

Vignes, Henri: A propos de la note de T. Rietz sur le tremblement pendant 
l’anésthesie générale, Compt. rend. Soc. de biol. 86: 418, 419, 1922. 

Rosenow, E. C., and Tovell, R. M.: Etiology of Muscular Spasms During 
General Anesthesia, Am. J. Surg. n. s. 34: 474-485, 1936. 


2. Woolmer, R. F., and Taylor, Stephen: Late Ether Convulsions; a Study Based 


on Four Cases, Laneet 1: 1005-1007, 1936. 


3. Laurie, W. S.: Convulsions During Surgical Anaesthesia, Brit. M. J. 1: 1002, 


1931. 
Hudson, R. V.: The Cause and Prevention of ‘*‘So-Called’’ Ether Convulsions, 
Brit. J. Anaesth. 13: 148-156, 1936. 


5. Bashall, Cy, J.: Convulsions During Ether Anaesthesia, Brit. M. J. 2: 400, 


1931. 

Boyle, H. E. G.: Ether Convulsions, Brit, M. J. 2: 1009, 1951. 

Featherstone, Henry: Discussion on Late Ether Convulsions, Proce. Roy Soe. 
Med. (Part II) 21: 1706, 1928. 

Haworth, James: Convulsions During Ether Anaesthesia, Brit. M. J. 2: 400, 
1931. 

Hewer, C. L.: Recent Advances in Anaesthesia and Analgesia, Philadelphia, 
1932, P. Blakiston’s Son & Company, p. 41. 

MacKenzie, J. R.: Convulsions During Surgical Anaesthesia; Notes on a Series 
of Cases, Brit. M. J. 1: 440-442, 193i. 

Mackenzie, J. R.: Convulsions During Surgical Anaesthesia, Brit. M. J. 1: 6835, 
1931. 


2. Nosworthy, M. D.: The Theory and Practice of Anaesthesia, London, 1935, 


Hutchinson Scientific, pp. 68, 69. 


3. Priest, W. M.: Convulsions During Ether Anaesthesia, Brit. M. J. 2: 275, 276, 


1931. 

. Sapwell, J. I.: Ether Convulsions, Brit. M. J. 2: 42, 1930. 

Simon, Phyllis F. L.: Ether Convulsions, Brit. M. J. 2: 1159, 1931. 

. Sykes, W. S.: Modern Treatment Anaesthesia, New York, 1932, W. W. Norton 
& Company, p. 87. 

Willway, F. W.: Ether Convulsions With Normal Behaviour During Subsequent 
Ether Anaesthesia, Brit. M. J. 1: 764, 1935. 

. Bashall, C. J.: Convulsions During Ether Anaesthesia, Brit. M. J. 2: 513, 

1931. 

. Bull, L. J. F.: Convulsions Occurring During Surgical Anaesthesia, Brit. M. 

J. 2: 471, 1927. 





686 


60, 


61. 


SURGERY 


Dickson, D, C.; Convulsions During Anaesthesia, Brit. M. J. 2: 613, 1927. 

Pinson, K. B.: Convulsions Occurring During Surgical Anaesthesia, Brit. M. 
J. 1: 956-958, 1927. 

Pinson, K. B.: Convulsions Durine General Anaesthesia, Brit. M. J. 2: 806, 
1927. 

Daly, Ashley: Discussion on Late Ether Convulsions, Proe. Roy. Soc. Med. 
(Part IL) 21: 1704, 1705, 1928. 

Fairle, H. P.: Ether Convulsions, Brit. M. J. 1: 1195, 1950, 

Hewer, C. L.: Ether Convulsions, Brit. M. J. 2: SO, S1, 1930. 

Sykes, W. 8.: Ether Convulsions, Brit. M. J. 1: 1128-1150, 1930, 

Walton, A. C. R.: A Note on Ether Convulsions, Brit. M. J. 2: 8, 9, 1928. 

Wilson, S. R.: ‘‘Ether’’ Convulsions, Lancet 1: 1117-1119, 1927; Anesth. & 
Analg. 7: 4-8, 1928. 

Smith, A, J. D.: Ether Convulsions, Brit. M. J. 2: 80, 1930. 

Ashworth, H. K.: Ether Convulsions, Brit. M. J. 1: 851, 1935. 

Blomfield, Joseph: Convulsions During General Anaesthesia, Brit. M. J. 1: 
1095, 1935. 

Boyle, H. E. G.: Discussion on Late Ether Convulsions, Proc. Roy. Soc. Med, 
(Part IIT) 21: 1705, 1928. 

Cook, B. E.: Ether Convulsions, Brit. M. J. 2: 679, 1931. 

Thomas, L. K.: Discussion on Late Ether Convulsions, Proc. Roy. Soc. Med. 
(Part IT) 21: 1705, 1928. 

Josephs, Hugh: Fasting as a Cause of Convulsions, Am, J. Dis. Child. 31: 
169-177, 1926. 

Fairlie, H. P.: Convulsions During Anaesthesia, Brit. M. J. 2: 705, 1927. 

Fairlie, H. P.: Convulsions During General Anaesthesia, Brit. M. J. 2: S97, 


1927. 
he daw 6 


Pinson, KX. B.: General Convulsions Under Ether, Brit. M. J. 2: 277, 1920. 

Pinson, K. B.: Ether Convulsions, Brit. M. J. 2: 41, 42, 1930. 

Shipway, F. E.: Discussion on Late Ether Convulsions, Proc. Roy. Soc. Med. 
(Part IL) 21: 1704, 1928. 

Hornabrook, R. W.: Convulsions Occurring During Surgical Anaesthesia, Brit. 


M. J. 2: 471, 1927. 

Haworth, James: Ether Convulsions, Brit. M. J. 1: 1156, 1952. 

Kemp, W. N.: Unusual Complications of Surgical Anaesthesia Under Ether, 
Brit. J. Anaesth. 10: 145-159, 1935. 

Raab, Abraham: Convuisions Under Ether. In: Minutes of the regular stated 
meeting, New York Academy of Anesthetists, held at the Academy of 
Medicine, New York City, Oct. 10, 1935, p. 7. (Mimeographed for limited 
distribution only.) 

Fraser, Louise: Convulsions During Surgical Anaesthesia, Brit. M. J. 1: 562, 
1931. 

Hadftieid, C. F.: Discussion of Late Ether Convulsions, Proc. Roy. Soc. Med. 
(Part IL) 21: 1699-1704, 1928. 

Hadfield, C. F.: Practical Anaesthetics for the Student and General Practi- 
tioner, Ed. 2. New York, 1931, William Wood & Company, pp. 111, 112. 

Wright, A. D.: Ether Convulsions, Brit. M. J. 1: 949, 1935. 

Riddell, L. A.: Ether Convulsions, Brit. M. J. 2: 834, 1934. 

Gwathmey, J. T.: Ether Convulsions, Lancet 1: 1369, 1927. 

Mennell, Z.: Discussicn on Late Ether Convulsions, Proc. Roy. Soc. Med. 
(Part IIT) 21: 1705, 1928. 


92. Clarke, L. T.: Convulsions During Ether Anaesthesia, Brit. M. J. 2: 358, 


oS. 


gg 


100. 


1931. 

Daly, Ashley: Ether Convulsions: A Note as to Treatment, Brit. J. Anaesth. 
9: 67, 68, 1932. 

Courts, A. C. S.: Ether Convulsions, Brit. M. J. 1: 959, 1932. 

McDonagh, J. E. R.: Convulsions During General and Local Anaesthesia, brit. 
M. J. 2: 1118, 1119, 1927. 

Jackson, J. H.: Selected Writings: On Epilepsy and Epileptiform Convul- 
sions, London, 1931, Hodder & Stoughton, vol. 1, p. 417. 

McDonald, Niel: Discussion on Late Ether Convulsions, Proc. Roy. Soc. Med. 
(Part IL) 21: 1706, 1928. 

Sington, Harold: Convulsions During Anaesthesia; Atropine in Childhood, 
srit. M. J. 2: 566, 567, 1927. 

Haworth, James: Convulsions During Ether Anaesthesia, Brit. M. J. 2: 587, 
1931. 

Hewer, C. L.: Convulsions During Anaesthesia, Brit. M. J. 2: 703, 1927. 





10] 


102. 
103. 
104. 
105. 
106. 


107. 


108. 
109. 


110. 
We a 


112. 


LUNDY: CONVULSIONS AND GENERAL ANESTHESIA 687 


Blomfield, Joseph: Convulsions During Ether Anesthesia, Anesth. & Analg. 
(Suppl.) 11: 38, 1932, 

McCance, R. A.: Spontaneous Overbreathing Tetany, Quart. J. Med. 1: 247- 
299, 1932. 

Brown, D. M.: A Case of Convulsions After Ether Anaesthesia, Brit. M. J. 1: 
579, 1954. 

Dawkins, C. J. M.: Ether Convulsions, Brit. M. J. 2: 792, 1934. 

Evans, T. J.: Ether Convulsions, Brit. M. J. 2: 81, 1930. 

Hoseason, A. S.: Ether Convulsions, Brit. J. Anaesth. 13: 142-147, 1936. 

Human, J. U.: Muscle Irritability Preceding Ether Convulsions, Brit. M. J. 
2: 426, 427,. 1936. 

Marr, James: Ether Convulsions, Lancet 1: 1142, 1936, 

Pateh, H. H. L.: Notes of Two Cases of Epileptiform Convulsions during 
Anaesthesia, Lancet 2: 818, 1922. 

Sykes, W. S.: Ether Convulsions, Brit. M. J. 2: 610, 1934. 

Weber, F. P.: Complete Muindlessness (Lowest Degree of Idiocy) and Cere- 
bral (Cortical) Diplegia, After Status Convulsivus Associated With Ether 
Anaesthesia, Brit. J. Child. Dis. 28: 14-21, 1951. 

Wright, A. D.: Nembutal in Ether Convulsions, Brit. M. J. 2: 1210, 1211. 


29 
1933. 





THE SIGNIFICANCE OF TEMPORARY ELEVATION OF BLOOD 
PRESSURE FOLLOWING SPLENECTOMY, WITH PARTICU- 
LAR REFERENCE TO THE ROLE OF THE SPLEEN AS 
A REGULATOR OF THE CIRCULATION 


EmiLe Hotman, M.D., SAN FRANCISCO, CALIF. 


(From the Department of Surgery, Stanford University Medical School) 


HE function of the spleen as a reservoir of blood, first suggested 

by Gray! in 1854, has only recently been thoroughly appreciated 
and definitely demonstrated in the interesting observations by Bar- 
croft? and his associates. ‘‘It (the spleen) has a function entirely in 
conformity with its muscular structure, being in fact a reservoir of 
corpuscles, at once fitted by its reticulum to detain them, and by its 
musculature to expel them when required to do so”’ (Barecroft). 

The anatomic structure of the spleen is peculiarly adapted to storing 
blood. As Robinson*:* points out, the spleen is essentially a vast 
spongy network of pulp cells, surrounded by a capsule, and sup- 
ported by a trabecular framework. These trabeculae, which contain 
smooth muscle and fibrous and elastic tissue, are attached to the cap- 
sule on the one hand, and to the walls of the vein on the other. 
Obviously, on contraction of the smooth muscle, there will be compres- 
sion of the pulp tissue and distention of the veins. This fact is of 
particular significance when considered in connection with the abso- 
lutely unique and peculiar arrangement of the circulation of blood 
through this organ. According to Robinson, the terminal arterioles 
of each splenic lobule open out, instead of joining capillaries leading 
to veins, and discharge their contents directly into the spaces afforded 
by the spongy network of pulp cells. The venous system begins in a 
plexus of richly anastomosing sinuses found everywhere between the 
pulp cords in the peripheral portion of the lobule. The walls of the 
finer veins are incomplete, having slitlike stomata communicating 
freely with the pulp spaces. The circulation of the spleen is therefore 
an ‘‘open’’ one. The blood flows out of the circulatory bed into 
tissue spaces, presumably against a lesser resistance than that met 
by the circulating blood in the capillary bed elsewhere in the body. 
By contraction of the smooth muscle lying in the trabeculae, these 
pulp spaces are compressed, and the contained blood is forced through 
the fenestrated walls of the veins into the venous channels and thence 
into the circulation. Such an arrangement is quite comparable to a 


varicose aneurysm, in which blood passes from an abnormal opening 
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in an artery into a false sae or tissue space and thence through an- 
other abnormal opening into the venous system. 

This unique circulation of the blood through the spleen suggests, as 
Moore’ points out, that the spleen is a large but modified blood ves- 
sel, subject to the same constrictions and relaxations of blood vessels 
elsewhere. Indeed the smooth muscle of the spleen appears to be 
under the same sympathetic control as the blood vessels of the splanch- 
nie field. The spleen is markedly contracted in asphyxia, exercise, 
hemorrhage, and in emotional excitement, all of which are conditions 
associated with a constriction of the splanchnic vessels in general. 
Stimulation of the sympathetic nerves which run along the splenic 
vessels causes an immediate contraction of the musculature of the 
spleen, resulting in an abrupt diminution in splenic volume coincident 
with the sudden discharge of its corpuscle-laden blood into the eireu- 
lation (Izquierdo and Cannon®). 

Inasmuch as the blood lying within the spleen is twice as rich in 
erythrocytes as blood elsewhere in the body (Scheunert and Krzy- 
wanek’), and 50 per cent richer in hemoglobin than ordinary blood 
(Bareroft and Poole’), the discharge of this concentrated blood into 
the general circulation causes an increase in the number of circulating 
red blood cells. As the spleen can contain as much as eleven times 
its own weight in blood, it is evident that the circulatory blood may 
be greatly augmented from the spleen, by as much as 20 per cent of 
its normal volume. 

Numerous experiments have been devised to demonstrate this phe- 
nomenon of increasing the blood volume from the splenic storehouse. 
Adrenalin ins small amounts causes the spleen to contract and to in- 
crease the number of circulating red blood cells. After denervation 
of the spleen to prevent the sympathetic effect, this increase in red 
blood cells does not oceur. 

In shock produced by the crushing of thigh muscles, by crushing 
of the testicles, by hemorrhage, or by laparotomy, the spleen was 
found to be small, firm, dry, and intensely constricted, a response, no 
doubt, to the demand for more blood in the face of the greatly dimin- 
ished circulating blood volume so characteristic in states of shock. 

Viale® claims that all factors which tend to raise blood pressure 
tend to augment or dilate the spleen, whereas all factors resulting in 
hypotension produce a contraction. He states that the introduction 
of Ringer’s solution in a normal animal does not raise blood pressure, 
whereas in animals deprived of their spleens it does. He also states 
that by exteriorizing the spleen, and denervating it to abolish reflexes, 
the contraction of the spleen will raise the general blood pressure 15 
to 20 mm. He. 


Barcroft’s and Stephens’!® 


ingenious experiments were the first to 
demonstrate the remarkable reduction in the size of the spleen follow- 
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ine hemorrhage and during exercise. In cats which have a very mus- 


cular spleen, it was estimated that one-sixth of the total circulating 





blood volume, and one-third of the total number of red corpuscles 






could be expelled from the spleen. It was inferred, therefore, that 






‘were an organism presented with an issue which made its life depend 






on the amount of hemoglobin it could produce, a splenectomized ani- 






mal should die, when an animal possessed of a spleen should survive.’ 
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Fig. 1.—Fluctuations in blood pressure following excision of large femoral arterio- 
venous fistula of twenty-five years’ duration. Note great increase in diastolic pressure 
immediately after operation and subsequent permanent elevation to a higher level. 
The first elevation is interpreted as being due to an increased blood volume which 
fills the general arterial system following the excision of the fistula, and the per- 
manent elevation is attributed to the elimination from the circulatory system of an 
area of decreased peripheral resistance. 














The early death of splenectomized guinea pies placed in an atmosphere 





of coal gas proved the correctness of this view (Krumbhaar"). 






Enough has been related to indicate the remarkably intimate rela- 





tionship the normal spleen bears in ordinary existence to the cireula- 





tory system. This relationship is probably correspondingly more im- 
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portant and the effects upon the circulation more pronounced when 
the spleen is twenty to forty times its normal size. Equally more im- 
portant under such conditions is the close resemblance of the peculiar 
anatomic arrangement of the splenic circulation to that of a large 
varicose aneurysm. This is brought out most clearly by a study of 
the blood pressure following splenectomy. Theoretically, the removal 
of a large spleen should produce the same temporary increase in gen- 


eral blood pressure as does the elimination of a large arteriovenous 











Fig. 2.—Demonstration of portal vessels following introduction of opaque sub- 
stance in inferior mesenteric vesseis of a dog. The portal vein was ligated at the 
hilum of the liver two months previously, one month after embedding of the spleen 
in the abdominal wall at S. The portal circulation reached the general circulation 
by a reversal of flow through the splenic vein, through the spleen and into the 
vessels of the abdominal wall. Note large intercostal vessels, I, and large hypogastric 
vessels, H, communicating with the vessels of the embedded spleen. 


communication (Holman and Kolls,’* and Holman!) (Fie. 1). Care- 
ful observations indicate that when splenectomy is performed as a 


physiologic experiment without loss of blood and without operative 


trauma, such a rise in blood pressure does occur. In such a physio- 
logic experiment, the blood in the spleen itself is conserved by ligating 
the artery first, followed by ligation of the vein. Adhesions between 
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the spleen and surrounding structures are divided by sharp dissection. 
Tearing such adhesions invariably leads to rupture of the splenic cap- 
sule with massive hemorrhage from the spleen, or, more frequently, 
large venous sinuses leading from the splenic capsule to the posterior 
and lateral abdominal wall, or to the diaphragm, are torn open with 
terrifying bleeding. Occasionally these venous channels are extraordi- 
narily large and numerous, suggesting that in the presence of a con- 
tracted cirrhotic liver they provide a pathway for the blood to flow 
from the portal system into the systemic circulation by a reversal of 
flow through the splenic vein, through the spleen itself, and thence 
into the general circulation. Experimentally such a contingency has 
actually been produced (Holman™) (Fig. 2). 

The rise in blood pressure during the first few days following 
splenectomy may be attributed to two factors: first, the elimination 
of an area of lessened resistance; and second, to an increase in the 
total volume of circulating blood which presumably has accompanied 
the gradually increasing bulk of spleen. 

The role played by blood volume in the maintenance of a normal 
blood pressure is becoming increasingly better understood. Recent 
studies have shown that total blood volume is increased in hyperthy- 
roidism,!® possibly in compensation for the peripheral dilatation with 
its resultant fall in diastolic pressure and concomitant increase in 
pulse pressure. Recent observations by Dr. Chang, of the Peiping 
Union Medical College, have demonstrated likewise an increase in 
total blood volume in several clinical cases of aortic insufficiency. Ex- 
perimentally (Holman!®) and clinically an increased blood volume has 
been noted in the presence of large fistulas between the peripheral 
vessels. Likewise, in the experimental animal, an increase in blood 
volume has followed the establishment of large interventricular sep- 
tum defects (Holman and Beck!). From these observations, one is 
justified in concluding that any disturbance in the hydrodynamies of 
the circulation great enough to interfere with cardiac efficiency as 
shown by a lowered diastolic and systolic pressure is partly compen- 
sated for by an increase in total blood volume. Similarly, the increas- 
ing storage capacity of the enlarging spleen would affect blood pres- 
sure adversely were it not for a concomitant increase in total blood 
volume. 

The following observations are presented to demonstrate the bene- 
ficial effect upon the general blood pressure produced by the removal 
of a greatly enlarged spleen. As these effects are comparable to those 
produced by the excision of a large peripheral fistula, corroborative 
evidence is provided that the spleen by virtue of the anatomy of its 
circulatory system may be compared to a large varicose aneurysm. 











HOLMAN: BLOOD PRESSURE FOLLOWING SPLENECTOMY 693 


CASE HISTORIES 


CASE 1.—J. B., a laborer, thirty years old, was admitted to Lakeside Hospital, 
Cleveland, July 25, 1925, following a fall from a third floor seaffolding to the 
basement below. When first seen an hour after the accident, the patient was con- 
scious, with numerous lacerations and abrasions of the face, a fracture of the 
bridge of the nose, and large bruised areas of the skin over the lower left thorax 
and the left iliac crest. There was abdominal tenderness on the left on percussion, 
with spasticity, but without rigidity. Two hours later the tenderness and spasticity 
were greatly increased. There was a striking pallor with a pulse, however, of only 
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Fig. 3.—Elevation of systolic and diastolic pressures in the first five days follow- 
ing excision of ruptured spleen. Note resemblance to the pressure curves following 
excision of arteriovenous fistula (Fig. 1). 
80. An exploration was immediately undertaken for a probable ruptured hollow 
viscus, but instead a badly lacerated bleeding spleen was found and removed, to- 
gether with a large amount of free blood. During the operation the patient re- 
ceived about 2,500 ¢.c. by hypodermoclysis, but a transfusion did not seem indicated. 
An uneventful recovery followed. The spleen weighed 160 gm. 

The striking feature of this patient was the behavior of the blood pressure fol 

I } 

lowing the splenectomy (Fig. 3). Since this observation, all cases requiring re 
moval of the spleen were similarly studied. 


CASE 2.—W. J., aged twenty-two years, entered Lane Hospital April 9, 1930. 
» ag A p ] I] 


complaining of vomiting and passing blood, and weakness. He had been weli 
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until fifteen months previously, when he had an attack of nausea and dizziness 
lasting about fifteen minutes. This was promptly followed by a bowel movement 
containing dark red blood. Two months later he experienced another attack of 
nausea, followed this time by the vomiting of a quart of blood, Treatment for « 
probable peptic ulcer was instituted, and after two weeks in bed he again seemed 


quite well. Weakness, lassitude, and dyspnea then gradually developed, accompanied 


by a pronounced pallor. Examination revealed an enlarged palpable spleen extend- 


ing four fingerbreadths below the costal margin and a marked general pallor. <A 


hemoglobin of 20 per cent on admission increased to 358 per cent following the 


first transfusion, to 48 per cent following the second transfusion, and to 65 per 
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Fig. 4.—Marked temporary elevation of systolic and diastolic pressures following 
removal of greatly enlarged spleen of the Banti type. 


cent following the third transfusion. The red cells numbered 2,140,000 on ad 
mission, increased to 2,500,000 after the first transfusion, to 3,000,000 after the 
second transfusion, and to 4,300,000 after the third transfusion. The white cells 
numbered 3,900 on admission and 4,000 after three transfusions. The fragility 
of the red cells was not increased; the clotting time was three minutes; and the 
bleeding time, seven minutes. 

On April 19, 1930, a laparotomy revealed a normal sized liver with slight 
evidence of scarring. The gallbladder, stomach, and the viscera were normal. 


The spleen was greatly enlarged, appeared swollen and tense. The pancreas and 
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stomach were closely adherent, and were carefully dissected free. The splenic 
artery was isolated and divided. Immediately, the previously swollen and tense 
spleen became quite flaccid and shrunken in size. The adherent colon was freed 


and the spleen removed without the loss of any blood. The abdomen was closed 


in layers. The behavior of the blood pressure following the operation is recorded 


in Fig. 4. The white cells increased within twenty-four hours to 23,000, and on 
the second postoperative day signs of fluid in the lower left chest were noted. 
Improvement occurred, but on the fourteenth day a fever of 39° C. was noted with 
signs of a probable subphrenic abscess on the left. A portion of the tenth rib was 


resected, and the diaphragm sutured to the parietal pleura by two parallel rows of 
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Fig. 5.—Temporary elevation of blood pressure following excision of a spleen known 
to be greatly enlarged for many years in a young person. 


silk sutures. Three days later an incision was made parallel to and between the 
two rows of black sutures, and a large amount of thick creamy pus evacuated, At 
no time was there any infection of the abdominal wound. Cultures gave a pure 
growth of Staphylococcus aureus. The abscess cavity was treated with Dakin’s 
solution and gradually healed. Complete recovery followed, and at the present 
time, this patient is in perfect health. On discharge from the hospital, the red 
cells numbered 4,720,000, and the hemoglobin was 87 per cent. The white cells 
numbered 10,100, ©The spleen weighed S85 gm., and showed the usual fibrosis of 


Banti’s type. 
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CASE 3.—H. K., a married woman, aged twenty-seven years, entered Stanford 
Hospital September 19, 1928, with a complaint of increasing weakness, anemia, and 
an abdominal tumor. When seventeen years of age, in the course of a routine 
examination by a college doctor, she was found to have a large spleen approximately 
one-third its present size. At the time she was very active athletically, despite a 
marked pallor. She had been subject since the age of ten to attacks of ‘‘bilious- 
ness’’ characterized by vomiting, dizziness, headaches, and loss of appetite for 
several days, relieved by doses of calomel. Jaundice had been absent until last May, 
when she became quite yellow, and the conjunctivae were yellow-tinged thereafter. 
Menstruation had been regular and not excessive. There had been no dyspnea, 
but she tired easily, and her knees appeared very weak. The general physical ex- 
amination was normal except for a marked pallor of her skin, yellowish-tinged 
sclerae, and the presence of a large smooth mass in the left abdomen, emerging 
from below the left costal margin and extending downward to the iliac crest and 
medially to the umbilicus. The liver edge could just be felt. 

Laboratory examinations on admission revealed 2 negative Wassermann reaction, 
a normal urine, a hemoglobin of 60 per cent, a red cell count of 2,620,000, and a 
white cell count of 9,150. The bleeding and coagulation time were normal, the 
fragility of the red cells was normal, but there was extensive anicytosis, poly- 
chromasia, and poikilocytosis. 

On September 21, 1928, a laparotomy was performed through a left rectus in 
cision, The liver was smooth, normal in size, and presented no evidence of fibrosis. 


The gallbladder was thickened and contained numerous small stones. The artery of 
the greatly enlarged spleen was exposed and ligated first, followed by ligation of 
the vein. During the removal of the spleen, little blood was lost, and the blood 


pressure became elevated instead of depressed. 

The day following the operation, the patient’s color was pink as contrasted with 
the pasty pallor previous to operation, and a certain heaviness in her limbs, which 
had been present for years, had disappeared. Convalescence was uneventful. The 
behavior of the blood pressure after operation is recorded in Fig. 5. On October 
4, the red cells numbered 3,980,000, the white cells, 12,600, and hemoglobin, 72 
per cent. The microscopic examination of the spleen showed a marked perivascular 
fibrosis of the malpighian bodies, with hematogenous pigmentation and calcification 
in the new hyaline fibrous tissue. The lesions in the malpighian bodies probably 
started as perivascular hemorrhages. 


CASE 4.—S. H. C., a Chinese merchant, aged forty-five years, was admitted to 
Peiping Union Hospital September 2, 1930, complaining of weakness of three years’ 
duration and a mass in the abdomen of ten years’ duration. The past history was 
characterized by three attacks of dysentery at the age of eighteen, nineteen, and 
twenty years respectively, and four attacks of high fever at fifteen, eighteen, 
twenty-four and forty-four years of age. The slowly increasing mass in the ab- 
domen was first noted ten years ago, and aside from the feeling of fullness had 
never given him any trouble. Three years ago he noted a gradually increasing 
weakness on walking, aggravated by a marked loss in weight during recent months. 

On physical examination the patient presented a pale, wasted appearance, with- 
out jaundice. The mass in the left abdomen which extended 12 em. below the 
costal margin was undoubtedly spleen. The liver was not felt. Laboratory exami- 
nations revealed a red cell count of 3,480,000; the white cells numbered 3,000, of 
which 65 per cent were polynuclears, 24 per cent, lymphocytes; 5 per cent, large 
mononuclears; and 6 per cent, eosinophiles. The bleeding time was two minutes. 
Two splenic punctures disclosed the absence of Leischman--Donovan bodies; the 
stool contained numerous ova of ascaris; and the Wassermann reaction was nega- 
tive. 
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At operation, performed as a physiologic experiment, the very large spleen was 
removed without loss of blood. The liver was small and scarred as in cirrhosis. 
The operative and postoperative behavior of the blood pressure is recorded in Fig. 6. 
It is noteworthy that immediately after ligation of the splenic pedicle, the systolic 
pressure rose from 102 to 116 mm. Hg and the diastolic from 62 to 72 mm. Hg. 
Within a month following the operation, there occurred marked improvement in 
general well-being, with an increase in hemoglobin from 87 per cent to 115 per 
cent, in red cells from 3,900,000 to 4,800,000, in white cells from 3,000 to 7,000, 


and in platelets from 95,000 to 261,000. The spleen itself weighed 1,730 gm. and 


measured 32 by 17 by 7 em. Microscopically it showed fibrosis with siderotic 
nodules. The splenic vein showed marked intimal thickening. 
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Fig. 6.—Marked elevation of systolic and diastolic pressures following removal of 
greatly enlarged spleen of the Banti type in an elderly Chinese. 


CASE 5.—S. H., a Chinese student, nineteen years old, was admitted to Peiping 
Union Hospital on August 30, 1930, with the complaint of a progressively increasing 
abdominal mass. This mass was discovered by accident three years previously and 
had grown slowly in size. During this period he had had numerous attacks of 
fever lasting several days with morning remissions. There had been no dysentery or 
bloody stools. Lately there had been dyspnea, swelling of the legs at night, and 
marked loss of weight. Two uncles and a cousin were said to have died of the 
same disease. 

Physical examination disclosed a pale emaciated lad with a large, hard, tense 
mass on the left side extending below the umbilicus. There was a moderate edema 
of both legs. The blood pressure was only 100/40, the pulse 100. The red cells 
numbered 3,800,000, the white cells, 2,500, and the hemoglobin, 20 per cent. The 
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bleeding time was six and one-half minutes, and the coagulation time twelve minutes. 
His platelets numbered 62,000. No Leischman-Donovan bodies were found in the 
spleen, but the stools contained hookworm ova. 

A roentgenogram of the chest revealed evidence of tuberculosis of the lung root 
and adjacent parenchyma on the right side. During his stay in the hospital several 
attacks of epistaxis occurred, and an appreciable increase in the size of the spleen 
was noted, 

On September 16, 1930, a splenectomy was performed. The liver was cirrhotic 
and small, its edge lying well above the costal margin. The spleen was large 
and soft. The arteries were ligated first, permitting partial emptying of the spleen 
before division of the vein. It was noted that the undersurface of the left dia- 
phragm was covered with many large veins. The blood pressure showed the usual 
rise following division of the vessels, and at the end of the operation, it had risen 
from 100/40 to 120/70 (Fig. 7). 
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Fig. 7.—Fluctuations in blood pressure in the first ten days following removal of 
large spleen weighing 1,642 gm. from a young nineteen year-old Chinese, whose liver 
was small and cirrhotic, and who died three months later from sepsis and marked 
ascites. 


The spleen weighed 1,642 gm., and measured 18 by 16 by 8% em. Microscopieal- 
ly, it showed fibrosis and siderotic nodules, with also a marked thickening of the 
intima of the splenic vein. 

Following operation, there developed a high fever, first ascribed to a localized 
abscess of the lower angle of the abdominal wound. This was drained without. re- 
lief from the fever, and on October 17, a subdiaphragmatic abscess was drained by 
resecting a portion of the tenth rib. A pericarditis followed this procedure, and 
also a pleural effusion, On October 22, a blood culture yielded many colonies of 
Staphylococcus aureus. On November 4, 2,500 ¢.c. of straw-eolored fluid were re- 
moved from the abdominal cavity, which was greatly distended with fluid, as were 


also the tissues of the sacrum and both legs. <A septic thrombophlebitis of the 
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portal vein was postulated to explain the picture of extreme sepsis that developed, 


and in spite of multiple transfusions, the patient died on December 8, three months 
after splenectomy. 


CASE 6.—W. F. 8., aged thirty-six years, entered Lane Hospital March 5, 19532, 
because of hematemesis and tarry stools three days previously. A past history of 
indigestion for seven to eight years characterized by gas and pain under the 
sternum at first suggested the possibility of a bleeding duodenal ulcer, but a large 
palpable spleen, together with a leucopenia of 4,960, a red cell count of 35,420,000, 
and a hemoglobin of 48 per cent suggested the diagnosis of a splenic anemia. The 
Wassermann reaction was negative. Two preoperative blood transfusions increased 
the hemoglobin to 60 per cent. A roentgen ray examination of the stomach, partial- 
ly distended with gas, revealed extraordinarily large veins at the cardia (Fig. 8), 
and an esophagoscopy disclosed large varices in the esophagus just above the 


diaphragm which were undoubtedly responsible for the hematemesis. 














Fig. 8.—Demonstration of large esophageal varices at the cardia of the stomach which 
has been inflated with gas by the administration of a Seidlitz powder, 


On March 22, a laparotomy was performed under spinal anesthesia. On opening 
the abdomen, large distended veins were noted in the falsiform ligament, and 1 
em. to the left of the umbilicus, a rosette of large veins hung from the anterior 
wall covered only by peritoneum, undoubtedly the first stage in the development 
of a ‘‘caput medusae.’’ A remarkable mass of dilated enlarged veins surrounded 
the cardia, some being 1% em. in diameter. Some of these veins lay on the 
surface, but others dipped directly into the stomach wall, lying within and below 
the muscular coats. The undersurface of the diaphragm was crossed by numerous 
tortuous enlarged veins. The liver surface was very irregular, suggestive of con- 
siderable tibrosis. The large spleen was removed in the usual bloodless manner, 
the large tortuous hilar veins making the procedure somewhat difficult. The 
artery was ligated first, followed by ligation of the veins. 

The immediate recovery was uneventful and characterized by the usual increase 
in blood pressure as noted in Fig. 9. On the sixth postoperative day, howéver, 


the patient complained cf some epigastric distress, relieved by enemata. By the 
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ninth day it was noted that the moderate distention previously relieved by enemata 
was no longer so controlled. Vomiting occurred for the first time, and active 
peristaltic waves were visible over the abdomen at regular intervals. A diagnosis 
of intestinal obstruction was made, which was confirmed by laparotomy under 
spinal anesthesia. A loop of small bowel had become firmly adherent to a mass 
of thrombosed veins lying m the abdominal wall just to the left of the umbilicus. 
At the first operation, those veins had been markedly dilated and tortuous, and 
were thought to be a beginning ‘‘caput medusae.’’ A gradual occlusion of the 
adherent small bowel had occurred by a twisting and partial volvulus of the 


involved loop. 
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Fig. 9.—Temporary elevation of blood pressure following excision of large spleen of 
the Banti type. Note labile pressure during the act of vomiting. 


An uneventful recovery followed with a rapid improvement in the blood picture. 
On May 18, 1932, slightly over a month after his discharge from the hospital, the 


red cells numbered 5,110,000, the white cells, 14,000, and the hemoglobin, 71 per 


cent; he felt very well. 


CASE 7.—G. J., a young man, aged eighteen years, entered Stanford Hospital, 
August 29, 1936, for splenectomy. He was known to have had a large spleen for 
about five years. Three years ago there occurred without warning severe hema- 
temesis on nine occasions within three days. There were no further difficulties 
until four months ago, when hematemesis again occurred on five occasions in 
twenty-four hours. Again he was symptom-free until one month ago, when vomit- 
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ing of blood occurred seventeen times in two days. This left him weak and 
pale. There had never been any abnormal bleeding following wounds, and there 
was no history of purpura or jaundice. Encephalitis at the age of six had left 
him somewhat dull-witted. 

Physical examination was normal, except for an obvious mental retardation and 
a large spleen reaching to the level of the iliac crest. Red cells numbered 2,600,000, 
white cells, 2,650, and the hemoglobin was 43 per cent (Sahli). The urine was 
normal, 

On September 2, a splenectomy was performed with considerable difficulty but 
without loss of blood and, therefore, without shock. The transverse colon was 
attached to the lower border of the spleen, with huge thick-walled veins running 
directly from the spleen into the wall of the bowel. Similarly, very large veins 
lay in the gastrosplenic mesentery. Superiorly, the spleen was strongly adherent 
to the diaphragm, and many large vessels running from spleen to diaphragm 
required ligation. 
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Fig. 10.—Excision of large spleen in a young eighteen-year-old male is followed by 
a marked temporary elevation of systolic and diastolic pressures and slight per- 
manent increase in diastolic pressure, this being exactly comparable to the eleva- 
tion of pressures following excision of a large arteriovenous fistula. 


The spleen weighed two pounds, and microscopically it showed a moderate 
diffuse fibrous thickening of the supporting reticulum, moderately infiltrated with 
lymphocytes. A section of liver also showed the periportal areas infiltrated by 
moderate numbers of lymphocytes. Two hours after completion of the operation, 
the red cells numbered 4,910,000, the white cells, 15,450, and hemoglobin was 62 
per cent. Four days later the red cells numbered 4,550,000, the white cells, 11,100, 
and hemoglobin was 73 per cent. The patient made an uneventful recovery. The 
blood pressure readings are recorded in Fig. 10. 


SUMMARY 
Recent studies attribute important functions to the spleen as a reser- 
voir of blood and as a regulator of circulation. The ‘‘open’’ cireula- 
tion of the spleen is unique in the body and lends itself admirably to 
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such a function. Such an open circulation is comparable to that of a 
varicose aneurysm, and seven cases are presented to illustrate that 
the general blood pressure is elevated immediately following the re- 
moval of a large spleen in much the same way as it is following the 
excision of a large peripheral arteriovenous fistula. The two factors 
responsible for the temporary elevation of blood pressure following 
the excision of a varicose aneurysm or arteriovenous fistula are: (1) 
an increase in peripheral resistance, and (2) distention of the cireula- 
tory bed by the volume of blood which has increased in the presence 
of the fistula. It is suggested that the same factors are probably re- 
sponsible for the elevation of blood pressure following splenectomy, 
and that proceeding pari passu with the gradually increasing storage 
capacity of an enlarging spleen, there occurs a gradually increasing 
total blood volume. 

The remarkable concentration of blood following splenectomy, as 
exemplified in Case 7, suggests that this increase in blood volume is 
largely one of dilution, and that the low red cell count and anemia 
accompanying splenomegaly may be due in part to a storage of red 


cells in the greatly enlarged spleen. 
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THE EFFECT OF SPLENECTOMY ON THE NUMBER OF 
ERYTHROCYTES AND LEUCOCYTES IN THE PERIPHERAL 
BLOOD OF RATS AND RABBITS UNDER ETHER AND 
SODIUM AMYTAL ANESTHESIA 


GEORGE M. Hicains, Pu.D., Division of EXPERIMENTAL MEDICINE, AND 
WARREN CC, Corwin, M.D., FeLLow In EXPERIMENTAL SURGERY, 
ROCHESTER, MINN, 


(From the Mayo Foundation) 


ARCOSIS has been shown to cause certain changes in the coneen- 

tration of the cytologic constituents of the peripheral blood. Sey- 
derhelm and Homann (1923) deseribed a leucocytosis in rabbits which 
had been narecotized with ether, chloroform, morphine, and other drugs. 
Since that time other investigators have noted that ether narcosis pro- 
duced a leucocytosis in laboratory animals other than rabbits, as well 
as in man. It.das been suggested that this is not attributable to ether, 
per se, but to emotional excitement which accompanies the induction 
of anesthesia and forces into circulation large numbers of leucocytes 
which have been temporarily immobilized elsewhere in the body. Garrey 
and Butler found, moreover, that when animals were first nareotized 
with amytal and the narcosis maintained with ether, neither excitation 
nor leucocytosis occurred. Adrenalin causes a marked lymphocytosis 
and neutrophilia in the peripheral blood, which persist for varying 
periods of time, depending on the amount of the drug administered. 
This leucocytosis is thought to result from a contraction of the vessels 
of the entire vascular system, which effects a redistribution and a 
liberation of corpuscles normally sequestered in such organs as the 
liver, lungs, and spleen.* 

Deuel, Chambers, and Milhorat (1926), and Nye and Barrs (1932) 
noted that sodium amytal anesthesia resulted in a considerable loss 
of body temperature. Nye and Barrs showed that this was accompanied 
by a decrease in the total number of circulating leucocytes. Gold- 
scheider and Jacob were able to demonstrate, as early as 1893, that 
lowering of the body temperature resulted in leucopenia. Nye and 
Barrs showed that the maintenance of normal body temperatures of 
animals anesthetized with sodium amytal failed, as a rule, to prevent 
the decrease in the numbers of circulating leucocytes. 

Searles and Essex studied the changes in the concentration of eryth- 
rocytes in the peripheral blood of dogs which first were nareotized 
with ether and then with amytal. They found that when dogs were 
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etherized there was an increase of 18 per cent in the volume of the 
erythrocytes, an increase of 19 per cent in concentration of hemoglobin, 
and an increase of 15.5 per cent in the total number of erythrocytes 
per eubic millimeter of blood. When the same animals were anesthe- 
tized with sodium amytal, the volume of the erythrocytes was found 
to be reduced on the average by 21 per cent; the concentration of 
hemoglobin was decreased 21 per cent; and the erythrocyte count was 
decreased 19.7 per cent. They further showed that the removal of the 
spleen from these dogs abolished these changes. 

Essex, Seeley, Higgins, and Mann then studied the effect of anesthesia 
on the peripheral blood in a series of dogs, part of which had been 
splenectomized some time previously. Their results were in accord 
with those of Searles and Essex, and they concluded that ether induced 
a profound constriction of the spleen which forced sequestered cor- 
puseles into the circulation, while sodium amytal induced a dilatation 
of the spleen. Hausner and Essex have shown by roentgenograms that 
marked changes in the size of the spleen do oceur in dogs which have 
been anesthetized with ether or sodium amytal. 

In order to test further the réle of the spleen in controlling the eon- 
centration of the cytologic constituents of the blood, we have counted 
the total numbers of erythrocytes and leucocytes in the peripheral blood 
of rats and rabbits under ether and sodium amytal anesthesia, before 
and after the removal of the spleen. 


METHOD 


Thirty-five healthy male rats and twelve normal rabbits were used 
in this study. All of the rats were etherized in a glass container, and 
after complete anesthesia had been induced, the right leg was shaved 
and a sample of blood for the total erythrocyte and leucocyte counts 
was withdrawn from the femoral vein. At the same time on the follow- 


ing day, the same animals were given subeutaneously a solution of 
sodium amytal in amounts equal to 75 mg. per kilogram of body weight. 
The drug was readily absorbed, and as soon as complete anesthesia 
was induced, samples of blood were again taken, this time from the 
left femoral vein, and the erythrocyte and leucocyte counts were made. 

The spleens were then removed from twenty-three of these rats. On 
the first day after splenectomy, and before any evidence of Bartonella 
anemia was apparent, the animals were anesthetized with ether, and 
twenty-four hours later they were anesthetized with sodium amytal. 
The blood counts were again determined in the same way as they 
were before splenectomy. 

The procedure on the rabbits was exactly the same as that on the 
rats, except that blood was taken from the vein of the ear, and the 
amytal was given intravenously in doses of 50 mg. per kilogram of 
body weight. Only nine of the rabbits were splenectomized. 
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RESULTS 





The data assembled from our counts of the numbers of erythrocytes 
and leucocytes in the peripheral blood of rats subjected to ether and 
sodium amytal anesthesia before and after the removal of their spleens 
have been condensed into Table I. The comparable data assembled from 
our study of the blood of the rabbits likewise have been tabulated in 
Table II. The figures recorded represent the means of all counts made, 
together with their probable errors. When the differences between 
the mean blood counts of normal animals under ether and under amytal 
anesthesia were computed, it was clear (with the exception of the 
erythrocyte counts of rabbits) that the blood counts of amytalized ani- 
mals were significantly lower than were those of the same animals when 
etherized (Tables I and II). This is in accord with established find- 
ings. 

TABLE I 





STUDY OF THE PERIPHERAL BLOOD OF THIRTY-FIVE RATS 


















THIRTY-FIVE RATS WHOSE SPLEENS WERE | TWENTY-THREE RATS WHOSE SPLEENS HAD 
INTACT BEEN REMOVED* 
MEAN VALUE AND PROBABLE MEAN VALUE AND PROBABLE Sas 
DIFFERENCE DIFFERENCE 
ERROR ERROR 
AFTER AFTER AFTER AFTER 
INDUCTION OF | INDUCTION OF INDUCTION OF | INDUCTION OF 
ETHER AMYTAL ETHER AMYTAL 
ANESTHESIA | ANESTHESIA ANESTHESIA | ANESTHESIA 

























Erythrocytes per ec. mm. of blood 























9,382,850 | 8,792,770 | 590,000 9,334,340 8,887,390 446,957 
+73,160 | +34,540 +80,900 +139,325 | +159,908 +212,000 
Leucoevtes per ec. mm. of blood 
38,902 25,864 | 13,038 33.026 _ | 28,826] 4,200 
+ 987 +747 +1,238 +947 | +953 41,543 








*Only twenty-three of the thirty-five rats were subjected to splenectomy. 


TABLE II 


STUDY OF THE PERIPHERAL BLOOD OF TWELVE RABBITS 











TWELVE RABBITS WHOSE SPLEENS WERE NINE RABBITS WHOSE SPLEENS HAD BEEN 
INTACT REMOVED* 

MEAN VALUE AND PROBABLE | | pap | MEAN VALUE AND PROBABLE | 5 icp 

ERROR pasate ERROR viene tail 


































AFTER AFTER AFTER AFTER 
INDUCTION OF | INDUCTION OF INDUCTION OF | INDUCTION OF 
ETHER AMYTAL ETHER AMYTAL 
ANESTHESIA ANESTHESIA ANESTHESIA ANESTHESIA 

















Erythrocytes per c. mm. of blood 


5,582,500 | 5,319,166 B32 5,737,777 | 119,889 — 
+74,690 +84,740 +112,950 + 101,929 +55,652 +116,150 





Leuzocytes per c. mm. of blood 





15,025 10,342 4,683 18,522 | 11,822 | 7,700 
+1,070 +617 +1,235 +1,670 | +715 | +1,816 








*Only nine of the twelve rabbits were subjected to splenectomy. 
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When the spleen was removed and the blood examined shortly after 
splenectomy, we learned that the difference between the average erythro- 
evte count of etherized and amytalized rats was nearly as great as it 
had been before splenectomy (Table 1). The removal of the spleen, 
however, had a more marked effect on the concentration of the leu- 
coeytes in the peripheral blood. Before splenectomy, the mean leucocyte 
count under amytal anesthesia was 13,088 per cubic millimeter less than 
it was when the same rats were etherized. After splenectomy, this 
figure dropped to 4,200 (Table 1). Thus it follows from a statistical 
analysis of the data that such significant differences as appeared in 
normal rats under the two anesthesias were not quite so obvious after 
the spleen had been removed as they were before. Differences, how- 
ever, still maintained. 

We encountered no significant difference in the number of erythro- 
cytes in the peripheral blood of normal rabbits when observed under 
ether anesthesia and under sodium amytal anesthesia (Table I1). After 
the spleen had been removed, these counts remained statistically alike 
when the blood was studied while animals were under each of the two 
anesthetics. To be sure, the total number of erythrocytes was found 
to be less when the rabbits were amytalized than it was when they were 
etherized, but the difference was slight, and its probable error was 
great. The number of leucocytes in the blood of normal rabbits was 
significantly less when they were amytalized than it was when they 
were etherized, but after removal of their spleens, a significant difference 
still persisted. In fact, after splenectomy we secured an even greater 
discrepancy between the leucocyte count under ether and that under 
amytal. 

We then computed for each animal the percentage of increase in the 
blood counts induced by ether over those induced by sodium amytal. 
When the mean of these percentages was determined, we found that the 
erythrocyte count of normal rats which were anesthetized with ether 
was 6.19 + 0.80 per cent higher than it was when the same animals 
were anesthetized with sodium amytal. After the spleens had been 
removed, the erythrocyte count under ether was still 3.64 + 0.94 per 
cent higher than it was under sodium amytal. Thus, the percentage 
increase in the total erythrocyte count of animals under ether over the 
total erythrocyte count found when they were under amytal was less 
after the spleens had been removed than it had been before. The dif- 
ference between these percentage increases, however, computed statis- 
tically, was not significant; therefore, we may conclude that the re- 
moval of the spleens was without significant effect on the distribution of 
the erythrocytes. 

When we contrasted the percentage increases in the total number of 
leucocytes found in the blood of etherized rats over that found in the 
blood of amytalized rats, the removal of the spleen appeared to have 
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a significant effect. The mean percentage increase of the number of 
leucocytes in the blood of etherized normal rats over that recorded when 
the same animals were given amytal was 47.90 + 5.04 per cent. After 
the spleens had been removed, this increase dropped to 28.42 + 3.57 
per cent. Between these percentages there is a difference of 19.48 + 6.25, 
and since the difference is more than triple its error, the conclusion is 
indicated that splenectomy induced an effect on the concentration of 
the leucocytes in the peripheral blood of rats which were subjected to 
the two anesthesias. 

Analyzing the data on the blood of rabbits from the standpoint of 
percentage increase in the blood counts of animals under ether over 
the figures obtained when the rabbits were given amytal showed that 
there was no significant difference after the spleen had been removed. 


In other words, removal of the spleens of rabbits failed to alter sig- 
nificantly the differences which occurred between the total number of 
erythrocytes per cubic millimeter or the total number of leucocytes per 
cubic millimeter when the rabbits were under ether anesthesia and under 
sodium amytal anesthesia. 

Thus, when we contrast the blood count of rats which were under 
the influence of these two anesthesias, before and after splenectomy, 
it seems apparent that splenectomy had little effect on the concentration 
of the erythrocytes, but that it had a marked effect on the concentration 
of the leucoeytes in the peripheral blood. Differences in the leucocyte 
count under the two anesthesias, which were so apparent when normal 
rats were studied, were not so marked after the spleens had been re- 
moved. 

Splenectomy, however, appeared to be without effeet on the econeen- 
tration of corpuscles in the peripheral blood of rabbits. No significant 
difference was observed between the total erythrocyte counts of either 
normal or splenectomized rabbits whieh were under the influence of 
the two anesthesias. With regard to the total number of leucocytes, 
we found an even greater difference between the number of leucocytes 
in blood of splenectomized rabbits under the two anesthetics than we 


did before we removed the spleens. 
COMMENT 


Our data show that when rats were anesthetized with sodium amytal, 
their blood counts were always significantly lower than they were when 
the rats were anesthetized with ether. Coincident with this observation 
is the fact that the spleen is invariably enlarged in rats whieh are 
given sodium amytal and considerably smaller in these same animals 
when they are under the influence of ether. Hausner and Essex have 
shown, by means of roentgenograms, that the spleen of the dog dilates 
when the animal is given sodium amytal, and that it contracts when 
the dog is under the influence of ether. 
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It is a reasonable assumption, therefore, that blood corpuscles may 
be sequestered in the dilated sinuses of the spleen when the animal is 
anesthetized with amytal. This reduces the number of corpuscles per 
eubie millimeter in the peripheral blood. Conversely, the contraction 
of the spleen, when the animal is given ether, may force from this organ 
those corpuscles temporarily isolated and thus elevate the blood count 
in the peripheral blood. Thus, the removal of the spleen from the 
circulation would give some measure of its réle in controlling the con- 
centration of corpuscles in the peripheral blood when the animal is 
under these two anesthetics. 

When the spleen was removed from rats the difference between the 
erythrocyte counts under the two anesthesias was only slightly less than 
it was in intact animals before operation. When the data were con- 
trasted from the standpoint of percentage increase in the erythrocyte 
count when the rats were under ether, over and above the erythrocyte 
count when the rats were under sodium amytal, we found that whereas 
the increase was less after the spleen was removed, the difference when 
computed statistically was not significant. 

In the rat, therefore, we concluded that splenectomy was without 
significant effect on the concentration of the erythrocytes in the periph- 
eral blood when the animal was under these two anesthetics. 

With respect to the numbers of leucocytes, the data show that removal 
of the spleen did have a marked effect on their concentration. <A dif- 
ference of 13,038 leucocytes per cubic millimeter of blood was recorded 
for normal rats which were under the two anesthetics, and after the 
spleen was removed this difference dropped to 4,200 leucocytes per cubic 
millimeter of blood. When the percentages of increase in the total 
number of leucocytes were computed, we found that the figures were 
significantly less in animals from which the spleens had been removed. 

Our data for the concentration of the corpuscles in the peripheral 
blood of rabbits indicate that in this animal the spleen is not a factor 
in the sequestration of corpuscles during sodium amytal anesthesia. 
With regard to the erythrocytes, there were no significant differences 
between the total counts for animals under the influence of the two 
anesthesias, either before or after the removal of the spleens. With 
regard to the leucocytes, however, we found a considerable difference 
between the counts before the animals were operated on, but an even 
greater difference after the spleens had been removed. Accordingly, 
splenectomy was without effect, so that we must look elsewhere than the 
spleen for factors which regulate the concentration of leucocytes in the 
peripheral blood of the rabbit. The spleen of the rabbit is, of course, 
very much smaller in respect to body size than is the spleen of the rat, 
and it may be that because of its size, it plays no significant part in 
modifying the concentration of leucocytes in the peripheral blood. 
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Recently, Svirbely and Bollman have shown that there are significant 
differences in the plasma volume and the hematocrit determinations for 
dogs, first studied under ether and then under sodium amytal anesthesia. 
When dogs were etherized, these writers found an increase in the hema- 
tocrit value and a decrease in the volume of the circulating plasma. 
Conversely, when the dogs were subjected to sodium amytal narcosis 
the hematocrit value, or volume of erythrocytes, decreased considerably, 
and the plasma volume increased markedly. These observations have 
a significant bearing on our study. With an increase in plasma volume, 
a dilution in the circulating elements will occur, and thus a decrease in 
total cellular constituents will oceur. The inerease in’ plasma may 
likewise well account for the distended spleen seen in amytalized ani- 
mals. When Svirbely and Bollman removed the spleens from these 
same dogs and again determined their hematocrit value and plasma 
volume under the two anesthesias, they found changes which were 
similar to, but less marked than, those which occurred in normal animals. 
Our observations on the rat are in accord with these conclusions on the 
dog and indicate that the spleen plays a part in regulating the control 
of the concentration of some of the cytologic constituents of the periph- 
eral blood. 

SUMMARY AND CONCLUSIONS 


The total numbers of erythrocytes and leucocytes per cubic millimeter 
of blood have been determined for white rats and for rabbiis subjected 
to ether and sodium amytal anesthesia, before and after removal of 
their spleens. 

With the exception of the number of erythrocytes in rabbits, we have 
found the blood counts in intact animals significantly lower when they 
were under amytal than when they were under ether anesthesia. 

By the removal of the spleen we have tested the réle played by this 
organ in the sequestration of both the erythrocytes and the leucocytes 
from the blood stream of these animals when they were subjected to 
ether and sodium amytal anesthesia. 

The following conclusions seem indicated : 

1. The removal of the spleens from white rats caused but little 
decrease in the difference between the erythroeyte counts noted when 
normal animals were subjected to these two anesthesias. The removal 
of the spleens from rabbits was without effect on the differences which 
occurred in our tabulation of erythrocytes in normal animals under 
the two anesthesias. The spleen is not an important site for the seques- 
tration of the erythrocytes from the peripheral circulation of rats and 
rabbits under sodium amytal anesthesia. 

2. The removal of the spleens from white rats induced a significant 
reduction in the difference in the number of leucocytes normally en- 
countered in the peripheral blood of animals under ether and sodium 








710 


SURGERY 


amytal anesthesia. The removal of the spleens from rabbits did not 
reduce the difference in the total leucocyte counts under similar condi- 
tions. Thus when sodium amytal is employed, the spleen plays an 
important role in the sequestration of leucocytes in rats but not in 


rabbits. 


10. 
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BENIGN TUMORS OF THE STOMACH# 
VERNE C. Hunt, M.D., Los ANGELES, CALIF. 


ENIGN tumors of the stomach have been classified by Carli* in terms 

of their origin: (1) those originating from epithelium include 
papilloma and adenoma; (2) those originating from connective tissue 
and vascular structures include lipoma, fibroma, myxoma, and angio- 
ma; (3) while those arising from neuromuscular structures are the 
myomas and neuromas. Tumors of the latter group, or those arising 
from muscular structure in the gastric wall, occur with the greatest 
frequency and comprise approximately 60 per cent of all benign tumors 
of the stomach. Those of epithelial origin comprise approximately 30 
per cent of all benign gastric tumors. In 1925, Eliason and Wright® 
collected from the literature and analyzed 560 various benign tumors 
of the stomach in which this relative frequency was borne out. Judd 
and Hoerner® recently reported 50 cases of benign tumor of the stom- 
ach exclusive of polyposis, eysts, and hypertrophy of the pyloric muscle 
encountered at operation, in which the various tumors of muscular 
origin comprised 72 per cent of the series. 

The incidence of benign tumors of the stomach depends largely upon 
whether it is determined from surgical pathologic material or from 
findings at necropsy. From a surgical viewpoint, the benign tumors 
comprise from approximately 0.5 per cent to 5 per cent of all gastric 
neoplasms, either as the major surgical lesion or as one encountered 
in the stomach incident to a surgical procedure for major pathology 
elsewhere in the abdomen. Balfour and Henderson,! in 1927, reported 
a total of 58 cases of benign tumor of the stomach. These ineluded 
26 surgical cases previously reported by Eusterman and Senty,’ which 
the latter authors stated represented 1.3 per cent of approximately 
2,146 gastric neoplasms surgically explored. During the period of 
time in which these instances of gastric neoplasms were accumulated, 
however, a slightly larger number of cases of malignant neoplasms 
were not operated upon because of inoperability in the majority, mak- 
ing an actual incidence of approximately 0.6 per cent of all gastric 
neoplasms. Also in Eiselsberg’s® Clinic there were only five benign 
tumors among 1,125 gastric neoplasms, an incidence of 0.44 per cent. 
On the other hand, Lockwood!! has stated that in a period of seven 
years, 12 benign gastric tumors were examined in the laboratory of 
the Harper Hospital, Detroit, during which time 266 cases of malignant 

*Presented before the Forty-Sixth Annual Meeting of the Western Surgical As- 
sociation, Kansas City, Mo., December 11 and 12, 1936. 
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gastric tumors were admitted to the hospital, an incidence of benign 
tumors among gastric neoplasms of 4.3 per cent. Moura, De Brito, 
and Lopes*! have reported 3 benign tumors of the stomach which 
represent 4.1 per cent of a series of 73 gastric neoplasms on the service 
of Professor Brandao-Filho. The majority of the large number of 
benign tumors of the stomach recorded in the literature have been 
found at autopsy and include those which were primarily responsible 
for death as well as those which during life were entirely svymptomless 
and were found more or less incidentally at necropsy. What the true 
incidence of benign tumors of the stomach actually may be is unknown, 
The studies and observations of Rieniets** reveal a startlingly high 
incidence when intensive search for them at necropsy is instituted. 
Leiomyomas were found in 16 per cent of the stomachs in each of two 
series of 100 consecutive autopsies. Rigler and Ericksen,** after in- 
vestigating the records of 6,742 autopsies over a period of four years 
in the Department of Pathology of the University of Minnesota, found 
that there were 187 gastric neoplasms of which 138 were malignant 
tumors and 47 were benign, an incidence of benign tumors of 26 per 
cent of all gastric neoplasms. It is quite apparent that benign tumors 
of the stomach are not uncommon, but those which give rise to clinical 
manifestations of sufficient magnitude to lead to clinical or surgical 
recognition occur with relative infrequency. 





CLINICAL MANIFESTATIONS 


As the large number of instances found at autopsy and incident to 
other abdominal surgical procedures would indicate, most benign 
tumors of the stomach are symptomless. When symptoms do occur, 
they not infrequently are entirely bizarre, or present ulcer manifesta- 
tions, or clinical evidence of bleeding either as one or more massive 
hemorrhages, or occasional tarry stools and anemia; or intermittent 
pyloric obstruction occurs as a result of the location or size of the 
tumor. Cornil,? Bernabei,? Meyer and Singer,'® and Matas!'* are among 
those who have directed attention to the manner in which a peduneu- 
lated tumor near the pylorus may serve as a ball valve or pass through 
the pylorus and produce intermittent gastric ileus. 

Bleeding has been a prominent symptom and one which has led to 
clinical recognition and operation in many cases. The bleeding in 
some instances has been due to erosion of mucous membrane overlying 
the tumor and has been of such a nature as to produce an anemia 
which has not infrequently exhibited a blood picture closely simulat- 
ing that of pernicious anemia. In others, massive hemorrhages have 
occurred. Miodowski,'‘ Niemeyer,*? Kemke,® Morgan,?° and Melnick,!! 
and others have cited instances in which fatal hemorrhage has oc- 


eurred from a benign tumor of the stomach, 
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Often when symptoms simulating those of peptic ulcer occur, a 
peptic ulcer is actually present. Locekwood,!! Meyer and Rosi,’ Bal- 
four,’ Lorenz,'* and others have presented such observations. Judd 
and Hoerner® stated that gastric or duodenal ulcer was associated in 
46 per cent of their cases of benign tumor of the stomach. In eight 
cases, the gastric ulcer was situated directly over the neoplasm. In 
six of these, Rieniets** stated that the ulcer extended through the 
mucosa, muscularis mucosa, submucosa, the capsule of the tumor, and 
into the tumor tissue. One of these cases Judd and Hoerner® presented 
in detail as an illustration of gastric ulcer penetrating a leiomyoma. 
While duodenal or gastric ulcer is at times associated with a benign 


tumor of the stomach, and while erosion of mucous membrane over- 


lving the tumor with ulcer formation has been noted in a number of 


cases, deep penetration of the tumor by a gastric ulcer has been ob- 
served so infrequently as to warrant recording a case of gastric ulcer 
deeply penetrating a large leiomyoma of the stomach and from which 


several massive hemorrhages had occurred. 


CASE REPORT 


CASE 1.—The patient, Mr. C. H. S%., fifty-six vears of age, was examined on 
April 13, 1986, and stated that he had been entirely well until about three years 
previously, when he developed a digestive disturbance which was quite characteristic 
of peptic ulcer and for the relief of which on his own accord he resorted to the use 
of alkalies. He likewise experienced ease by the takine of food. Several weeks 
after the onset of the epigastric distress, a rather massive hemorrhage occurred, as 
was manifested by tarry stools, weakness, and anemia. The patient’s physician 
advised roentgenologic study of the gastrointestinal tract, which the patient failed 
to have done. <A clinical diagnosis of a peptic uleer was made, and a medical 
regimen was instituted with complete relief of all symptoms until six months later 
when hemorrhage recurred and was manifested by tarry stools. Bleeding had _ oc- 
curred in variable amounts at intervals of several months, and except for the oc- 
casional hemorrhages, few if any symptoms had been manifested. The patient 
seldom had nausea or vomiting and never had vomited blood. Upon examination 
the patient was found to be well nourished, weighed 163 pounds, and was moder- 
ately anemic. The systolic blood pressure was 164, and the diastolic pressure 82. 
General physical examination was essentially negative. No epigastric mass was pal- 
pable, nor was tenderness demonstrable. 

The patient was admitted to St. Vincent’s Hospital for further study. Urinalysis 
showed specific gravity 1.006, acid reaction, no albumin, sugar, acetone, or micro- 
scopic elements. The concentration of the hemoglobin was 45 per cent, the erythro- 
cytes numbered 3,340,000 in each cubie millimeter of blood, and the leucocytes 
numbered 5,750. The differential count was as follows: neutrophiles, 63 per cent ; 
lymphocytes, 30 per cent; eosinophiles, 4 per cent; and basophiles, 1 per cent. The 
bleeding time was one minute, and the coagulation time was three and one-half 
minutes, Roentgenologic examination of the stomach by K. 8. Davis showed a 
niche on the greater curvature of the stomach 2.5 em. above the pylorus (Fig. 1). 
There was no six-hour gastric retention. The roentgen diagnosis was gastric ulcer; 
malignant 50 per cent. 

At operation, April 16, 1936, there was a tumor approximately 9 by 4 by 4 em. 
in diameter situated near the pylorus and involving the greater curvature and the 
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anterior wall of the stomach. The tumor appeared to be entirely intramural and 


exhibited no gross evidence of a nialignant lesion. Exploratory gastrotomy revealed 


a large gastric ulcer deeply penetrating the tumor. A partial gastrectomy was _per- 


formed and resection of the pyloric fourth of the stomach facilitated wide excision 














Fig. 1.—Filling defect produced by benign tumor, and niche extending into tumor. 








Fig. 2.—Leiomyoma with resected portion of stomach attached. 


of the tumor. Restoration of gastroduodenal continuity was established by the 
sillroth No. I method. Gallstones were associated, and a cholecystectomy. was 
performed simultaneously with the gastric resection. The convalescence was com- 


plicated by a bronchopneumonia. The patient, however, was dismissed from the 
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hospital in excellent condition on May 18, 1936, the thirty-second postoperative 
day. Six months following the operation the patient was seen again and was in 
splendid health. 

The pathology of the tumor of the stomach was described by Dr. John W. Budd 
as follows: Gross description: The tumor measured 6.5 by 4 by 8 em. in diameter 
(Fig. 2). Its surface was coarsely lobulated and was covered by a thin transparent 
‘apsule over about three-fourths of the periphery. The tumor was firm but elastic 
in consistency, pinkish-white in color, and cut sections exposed an opaque homog- 
enous surface striated by bands of fibers running in many directions. There was no 
degeneration or hemorrhage. The concave surface of the tumor was covered by a 
thin layer of gastric mucosa which was densely adherent to the tumor. In about the 

















Fig. 3.—Low power of gastric ulcer extending into the leiomyoma. 


midpart of the mucosa, there was a linear depression 3 em, in length and 4.5 


mm. in width which at each extremity hollowed out to form a concavity 1 by 0.4 


em. in diameter. These concavities were well within the substance of the tumor. In 
one instance, the mucosa was apparently intact, but greatly thinned out, while in 
the other it seemed to be defective and ulcerated (Fig. 3). 

Microscopic description: The tumor tissue was composed of bundles of mature 
smooth muscle cells which were supported by moderately dense fibrous stroma (Fig. 
4). At the periphery, there was a thin envelope of dense fibrous connective tissue 
which separated the tumor from the surrounding tissues. Sections taken through 
the uleer showed a membrane of fibrinous exudate and polymorphonuclear leucocytes 


covering the epithelial defect. The base of the ulcer was formed by tumor tissue 
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which showed moderate fibrosis and nodules of round cell infiltration. At the mar- 
gins, there was an intact but atrophie layer of gastric mucosa and submucosa, the 
latter rather densely scarred. 

Diagnosis: Leiomyoma of the stomach, apparently arising from the muscle wall, 
and peptic ulcer of the gastric mucosa with extension into the substance of the 


leiomyoma. 


DIAGNOSIS 


There are no clinical characteristics of benign tumor of the stomach. 


Usually a tumor is not palpable, and in the absence of a palpable mass, 











Fig. 4.—High power of the leiomyoma showing the muscle cells in longitudinal section. 


the clinical manifestations when present often suggest gastroduodenal 
disease either through ulcer features, anemia, gastrointestinal bleed- 
ing, or disturbance of gastric motility. Fortunately the roentgenologie 
aspects of benign tumors of the stomach have become sufficiently 
established to facilitate the diagnosis in many instances. Moore,!* 
Rigler and Ericksen,** Kirklin and Weber,’® and others have con- 
tributed valuably to the roentgen diagnosis of benign tumors. The 


roentgenologice criteria of benign tumor of the stomach are of particu- 


lar interest to the roentgenologist, but the surgeon’s temerity may be 


somewhat enhanced in favor of surgical exploration if he is familiar 
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with some of the roentgenologic criteria which differentiate benign 
from malignant tumors of the stomach. Moore!” has stated that con- 
spicuous amone the signs of benign tumor are: (1) the filling defect 
is generally central rather than marginal, and although it may be near 
the curvature, it is smoothly and sharply contoured and is commonly 
rounded or oval; (2) the outline of the gastric shadow is usually pre- 
served, although it may be faint; exceptions are mural or broadly 
sessile tumors which through exclusion of barium from their base 
produce a marginal defect; (3) absence of spasm common to ulcer 
and carcinoma; and (4) uninterrupted peristalsis. 














Fig. 5.—Multiple polypoid tumors of the stomach (Case 2). 


The importance of the early diagnosis of benign tumors of the stom- 
ach is twofold. ‘Those tumors giving rise to symptoms are so situated 
in most instances that they are readily accessible and may be removed 
by adequate surgical procedures. Of at least equal importance in the 
early diagnosis of these tumors is the difficulty of always differentiat- 
ing between a benign tumor and one in which malignant transforma- 
tion has occurred. Stewart,”’ as the result of his observations in the 
course of 11,000 necropsies performed at the Leeds General Infirmary, 


has presented quite conclusive evidence that certain tumors of epi- 


thelial origin in the stomach undergo malignant transformation, and 
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in some instances are associated with carcinoma. Judd and Hoerner® 


stated that in two of their cases of benign tumor, malignant trans- 
formation had occurred. Stewart* has stated that there is a certain 
amount of evidence to show that sarcomatous metamorphosis may 
occasionally occur in simple leiomyoma of the alimentary tract just as 
in uterine fibroids. Of interest in this connection is the discussion by 
Melnick’? of metastasizing leiomyoma of the stomach in which he 
reports a case of benign ulcerated leiomyoma of the stomach from 














_—_————— 


Fig. 6.—Gross specimens of polypoid tumors of the stomach (Case 2). 


which the patient had a fatal hemorrhage, and necropsy disclosed a 


metastatic lesion in the liver which histologically resembled almost 
exactly the tumor in the stomach. That malignant transformation may 
occur in a previously benign tumor of the stomach seems exemplified 
in the following ease: 

CASE 2.—Mrs. E. M. H., aged seventy vears, was referred to me on July 1, 1931, 
with a diagnosis of multiple polypoid tumors. The patient stated that for approxi 
mately thirteen years she had had periods of weakness and anemia. During this 
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time, she had had mild digestive disturbances intermittently, characterized by gas 


i on as ae 


and indefinite epigastric distress without any particular relationship to food-taking. 
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Fig. 7.—Low power of polypoid portion of tumor showing glands and papillary 
formation (Case 2). 














Fig. 8.—Low power of base of polypoid tumor, showing branching nests and cords 
of neoplastic epithelial cells invading the stomach wall. 


During the previous ten years, the patient had heen underweight and seldom weighed 
more than ninety pounds. In April, 1950, fifteen months prior to our consultation, 


the patient was examined elsewhere, and a diagnosis of pernicious anemia was 
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made. Blood was constantly found in the stools at that time, and there was marked 
anemia, The concentration of the hemoglobin was 87 per cent, and the erythrocytes 
numbered 1,690,000 in each cubie millimeter of blood. A gastrointestinal study 
was made at that time, but because of the poor condition of the patient, the usual 
methods of conducting such a study could not be employed, and no gastrointestinal 
lesion was visualized. Under treatment for pernicious anemia, the patient improved 
markedly, and a subsequent roentgenologic study revealed the gastric lesions 
(Fig. 5). 

When the patient was brought to our attention on July 1, 1931, her weight was 
ninety-eight pounds. The systolic blood pressure was 128, and the diastolic pressure 
72. The patient was markedly anemic. General physical examination, however, 
was essentially negative. The urinalysis was negative. The concentration of the 
hemoglobin was 39 per cent, the erythrocytes numbered 2,980,000 in each cubic 
millimeter of blood, and the leucocytes numbered 4,600 with a differential count as 
follows: neutrophiles, 76 per cent; lymphocytes, 22 per cent; eosinophiles, 2 per 
cent; slight polychromatophilia, slight poikilocytosis; moderate anicytosis, and 
marked acromia. Because of the poor general condition of the patient, largely 
due to the anemia, operation was deferred for six weeks, during which time marked 
improvement in the anemia and general condition of the patient occurred. 

The preoperative diagnosis was multiple polypoid tumors of the stomach. 
Operation: August 15, 1931, at St. Vincent’s Hospital. Upon opening the abdomen, 
several tumors were palpable in tiie stomach; the largest tumor was nearly 8 em. 
in diameter and was situated in the middle third of the stomach attached to the 
posterior wall. This tumor was removed by median gastric sleeve resection. Three 
other tumors varying in size from 1 to 3 em. in diameter were situated in the 
eardiac third of the stomach and were removed by local excision. 

Pathologic report (Dr. E. M. Hall): The specimens consisted of four papillom- 
atous tumors of the stomach (Fig. 6). The largest of these measured 6 by 6 by 
3 em. in diameter, and the others measured 3 by 3 by 1.5 ¢m., 3 by 2 by 1 em., 
and 1 em, in diameter. They were all similar in that they showed a distinct 
papillary growth. Many of the stalks were thick and bulbous at the tip. Examina- 
tion of sections from these tumors showed a very irregular polypoid growth upward 
of the mucous membrane consisting of villi covered with tall columnar epithelium 
together with stalklike outgrowths containing acini of variable size (Fig. 7). In 
none of the four tumors did the newgrowth break through the muscularis mucosa. 
In two tumors, however, the glandular part lad become quite atypical, showing 
fairly large areas in which the acini were solid and irregular, and the epithelial 
cells appeared to have taken on malignant change (Fig. 8). The nuclei were Jarger 
and many contained large nucleoli. Occasional mitoses were seen. Many lympho- 
cytes and plasma cells were present in the interstitial tissue together with a moderate 
number of polymorphonuclear leucocytes and eosinophiles. Diagnosis: Polyposis of 


the stomach with early malignant degeneration. 


CONCLUSION 


In the majority of the cases in which a tumor was palpable or in 


which clinical symptoms led to a preoperative diagnosis of tumor of 
the stomach and surgical exploration, the tumor was situated in an 
accessible portion of the stomach and was readily removed. It is like- 
wise noteworthy that in many of those instances in which fatal mas- 
sive hemorrhage had occurred, necropsy revealed the tumor readily 
accessible to a surgical procedure had it been instituted. In approxi- 
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mately 60 per cent of the cases whieh have been operated upon, the 


tumor was removed by partial gastrectomy, most often by pyloric 


resection, but in a relatively small number of cases by midgastric 
sleeve resection. The remainder were removed through local trans- 
gastric excision, 

It seems worthy of emphasis, because of the likelihood of malignant 
transformation, the difficulty and inability often encountered in dif- 
ferentiating a benign from a malignant tumor, and the hemorrhagic 
tendency, that all tumors of this character should be operated upon. 
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HE challenge of the cancer problem cannot be ignored, when we 





recall that during the past year more than 140,000 persons in the 
United States died from cancer, and particularly when we realize that 







many of these deaths were preventable if the diagnosis of the condition 





had been made at an early stage and proper treatment had_ been 






promptly given. The chiet factor in these deaths is cancer of the gastro- 





intestinal tract. Caneer of the stomach causes far more deaths than 






cancer of any other one organ. Many patients who die of vague con- 


ditions and upon whom neecropsies are not done doubtless have cancer 






of the stomach, because, in cities or regions where the percentage of 






neeropsies is high, the death rate from cancer of the stomach is usually 
also high. The deaths from cancer of the stomach last year may be 







estimated at a minimum of 35,000 when these facts are considered. In 
1933, there were 128,475 deaths from eancer in the United States. Of 







these, 26,565 were from ecancer of the stomach and duodenum, and 






19,344 from cancer of the intestines, including the rectum. This makes 
a total of 45,909. If the deaths from cancer of the pancreas and liver, 
elands which are adjuvant to the gastrointestinal tract, are added, there 
are 60,070 deaths, almost half of the total deaths from cancer. 







The only satisfactory treatment for cancer of the gastrointestinal 





tract is excision. In the lower rectum and anus, the application of 





radiation from radium, radium emanations, or x-rays, is sometimes help- 





ful and may be curative, but above the lower portion of the rectum and 






anus, radiation as a therapeutic measure has usually but little effect. 






The problem before us is simple in statement but difficult of execution. 






It is, first of all, the diagnosis of the lesion in its early stage, and, see- 





ond, the prompt excision of the diseased tissue. The chief difficulty is 






an early diagnosis, but another difficulty like unto this is the securing 






of prompt and efficient treatment in the form of an operation by a sur- 






geon competent to do this work as soon as possible after the diagnosis 








is made. 






*Read before the Emory Alumni, at the Academy of Medicine, Atianta, Georgia, 
June 4, 1936. 


Received for publication, October 26, 1936. 





799 
ica 


BED AGRI Ss Sk ARR 2 


I SER Sow a= 


hbase 


secs 0 


Ane whee nai aaaes 







AS Rk da Aish aa eee 








sti 








Prainatiebtpcbigies Aaaéate 


i Sa ER act nei oe. 


ear) 





HORSLEY: CANCER OF GASTROINTESTINAL TRACT 


CANCER OF THE STOMACH 


In cancer of the stomach, there is a large area in which no symptoms 
are produced by any growth unless there is perforation, hemorrhage, 
or obstruction. This area comprises the cardiae portion of the stomach 
and much of the greater curvature. Cancer itself rarely causes pain in 
the early stages, unless it develops in areas of confinement, as in the 
bone where the new tissue produces pressure. It is chiefly along the 
outlet of the stomach, where obstruction may oceur, or along the lesser 
curvature, where interference with the physiologically active motor por- 
tion of the stomach may produce mild symptoms, that we can hope for 
a very early diagnosis. A majority of cases of cancer occur in the right 
half of the stomach and therefore should lend themselves to an early 
diagnosis, if there is accurate observation of the first clinical symptoms. 
The textbook picture of hemorrhage from the stomach, cachexia, a 
palpable mass, and enlarged lvmph nodes in the base of the neck, shows 
only the terminal stages, and in most instances when these symptoms 


appear, the outlook is hopeless. There are a few cases, however, in 


which the cancer is of the funguslike type, a rather large mass with 
septic svmptoms, and yet is comparatively mild in its histologic degree 
of malignancy. In such instances, even though the patient may appear 
to be in desperate condition, operation occasionally offers relief, even 
if it does not cure. The colloid, or so-called mucoid cancers, often be- 
long in this class of cases. 

Early diagnosis of cancer of the stomach depends upon the careful 
consideration of what often appears to be trivial symptoms. While the 
laboratory diagnosis may be helpful, it is well known that many per- 
sons over thirty-five years of age, particularly women, have low acid in 
the gastric juice and not infrequently complete achlorhydria. Some 
claim that this is a result of a gastritis, and that this in turn may be the 
forerunner of cancer However, the number of cases of cancer com- 
pared with those of achlorhydria, or low acid in the gastrie juice, is so 
small as to make this lead of very slight, though not negligible, value. 
Yet I have seen some very malignant gastric cancers with high acid 
value in the gastric juice. One of them, Mr. C. G. W., aged thirty-one 
vears, had free hydrochloric acid as high as 90 degrees. He had a 
lesion in the stomach which resembled very much a large perforating 
uleer. A partial gastrectomy was done, removing a portion of the pan- 
creas. He made a satisfactory immediate recovery, but had an exten- 
sive recurrence in about six months, and died within a year from the 
time of operation. This proved to be a type of small cell carcinoma 
which is unusual, and while the metastases responded at first to irradia- 
tion, when the disease began advancing again, irradiation was ineffective. 

In another patient, Mr. W. 8. B., with advanced gastric carcinoma, 
there was as much as 77 degrees free hydrochlorie acid. In this pa- 
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tient the cancer was very extensive, and there was a small metastasis 
in the liver. There was bleeding from an artery in the cancerous area, 
and the portion of the stomach involved in the cancer could be re- 
moved. <A partial gastrectomy was done, and the patient did well for a 
while, but died of peritonitis six days after the operation. 

While such cases are unusual, we should bear in mind the fact that 
cancer of the stomach may occur with normal or high hydrochloric acid 
values in the gastric juice. 

The diagnosis of cancer in the cardiac end of the stomach, though 
difficult, may be made by careful interpretation of symptoms and a 
thorough roentgenologic study. I recall a case in Atlanta in which a 
brilliant diagnosis of a lesion in the cardiac portion of the stomach was 
made by T. C. Johnson and J. L. Campbell. Johnson demonstrated a 
filling defect which I believed was cancerous. An operation was advised, 
but was postponed by the patient for several months. When it was 
done elsewhere, it was found to be too late. Postponing an operation for 
cancer in order to settle business affairs is often fatal. The growth of 
cancer does not wait for such things. As soon as the diagnosis can be rea- 
sonably well made, at least an exploratory operation should be done. 

The ratio of the incidence of gastrie cancer following peptic ulcer is 
a much disputed point. That it does occur in some eases is acknow]l- 
edged by all. Holmes, roentgenologist of the Massachusetts General 
Hospital, Boston, claims that many ulcers about the pylorie end of the 
stomach are potentially cancerous and, in common with most roent- 
genologists and clinicians, he believes that probably all uleers that ean 
be demonstrated roentgenologically on the greater curvature of the 
stomach are malignant. This rule, too, may be subject to exceptions. I 
have had one patient with ulcer on the greater curvature that was 
apparently not malignant. This was a recurrent lesion after a partial 
gastrectomy for a posterior perforating uleer at the pylorie ring. It 
would, however, be safer to regard all uleers in the greater curvature 
as malignant. Such simple symptoms of indigestion as loss of appetite, 
so-called waterbrash and heartburn, with slight discomfort in the region 
of the stomach, occasionally, though not usually, coming on somewhat 
like the hunger pains of peptic ulcer, may be symptoms of cancer. 
Except when a polyp is present, bleeding from gastric cancer is uneom- 
mon as compared with peptic uleer. Almost one-half of all gastrie can- 
cers do not uleerate. Gaither has summed up in an exeellent article an 
analysis of 245 cases of cancer of the stomach demonstrated by opera- 
tion and treated at Johns Hopkins Hospital during a period of ten 
years. He emphasized the fact that not only is the clinical course of 
gastric cancer as described in the textbooks often erroneous, but that 
many of the statements found there are absolutely misleading and may 
actually prevent an early diagnosis. Thus, cancer of the stomach is 
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often remittent or intermittent in its symptoms, just as an uleer would 
be, and the fact that the symptoms disappear entirely is by no means 
an assurance that the lesion is a benign peptic ulcer. 

If any person, particularly a man within the so-ealled ‘‘tropie of 
eancer,’’ that is, over thirty-five vears of age, has symptoms of ‘‘stom- 
ach trouble,’’ the ease should not be lightly dismissed. If after a gas- 
tric analysis and a thorough study by the physician, the cause of the 
complaint cannot be definitely determined, the patient should be re- 
ferred to a competent roentgenologist, one who has experience and skill 
in making diagnoses of gastrointestinal lesions. Not infrequently fluoro- 
scopic observations are more valuable than the plates, and these two 
methods should be interpreted together. it must be reealled, however, 
that, even when a lesion with slight symptoms is demonstrated by x-ray, 
it may already be well advanced. The more recent improvements in 
roentgenologie diagnosis, in which the affected segment of the stomach 
will show changes in the pattern of the mucosa or in peristalsis even 
before a filling defect has become noticeable, will doubtless be more 
helpful in the future. 

An ulcer or any lesion of the stomach that is suspected of being ear- 
cinoma should not be allowed to remain too long. If it seems probable 
that it is a peptic ulcer, medical treatment is justifiable for two or three 
weeks, when the examination should be repeated, and, if the diagnosis 
still is in doubt, the patient should be operated upon. William Gerry 
Morgan, a medical gastroenterologist, goes so far as to say that all gas- 
trie uleers are surgical conditions from the beginning. While I am not 
so radical as that, I believe that more cases of cancer could be saved if 
his doctrine were followed than if there is an indeterminate delay. 

Gastrie peptie ulcer is, of course, quite different from uleer of the 
duodenum, in which operation may never be indicated unless there is 
hemorrhage, perforation, or obstruction. Cancer rarely develops from 
an uleer of the duodenum, though there are a few eases reported in 
which this has oceurred. 


CANCER OF THE SMALL BOWEL 


Cancer of the ampulla of Vater is infrequent, but it is always for- 
midable. Irvin Abell has treated some of these cases by opening the 
duodenum and implanting radium. Radium emanations are preferable, 
but if the ‘‘seeds’’ are not available, radium in needles may be used, 
attached to linen threads brought up through the esophagus by a stom- 
ach tube so that the needles can be removed at the proper time. 
Recently Allen O. Whipple and his associates have devised an opera- 
tion for excision of the duodenum for cancer of the head of the pan- 
creas. In either of these lesions, practically the same operation must 
be done because of the intimate relationship of the ampulla of Vater 
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with the structures around the pancreatic duct and the head of the 
pancreas. In this operation, which he has done on four cases, he makes 
use of the fact known to physiologists for some time, that the pan- 
creatic duct may be safely ligated in dogs. Physiologists have shown 
that complete occlusion of the pancreatic duct can be done without 
seriously impairing health. This greatly simplifies the operation, which 
Whipple does in two stages. In the first stage, the gallbladder is 
anastomosed to the stomach and a gastroenterostomy is established. 
Thus, the jaundice is permitted to clear up, and the patient becomes 
better nourished. In the second stage, the duodenum and the head of 
the pancreas are excised. By this technic, cancer of the ampulla of 
Vater or of the head of the pancreas has been brought into the field of 
reasonable endeavors for its cure; formerly excision of the duodenum 
and the head of the pancreas had been done chiefly as an experimental 
procedure in dogs. 

Cancer of the small intestine, while uncommon, arises sufficiently 
often to demand our attention. It is often difficult to diagnose. It is 
usually either lymphosarcoma or of the carcinoid variety. Several cases 
of this latter type have been reported, in some of which there is 
metastasis from the growth. Usually, however, this careinoid, or argen- 
taffine, cancer remains local, is not extremely malignant, and is readily 
cured by resection. This is the type of cancer found in the appendix, 
occurring as a small orange-yellow growth near the tip of the appendix. 
When removed by the technic of ordinary appendectomy, there is often 


no further trouble. 






CANCER OF THE LARGE BOWEL 





Cancer of the large bowel is a common type and should be consid- 
ered in three different groups: first, cancer of the right large bowel; 
second, cancer of the left large bowel down to the upper rectum; and, 
third, eaneer of the distal two-thirds of the rectum. 

In the right large bowel cancer is usually different from cancer in the 
left. In the right side, it is often of the fungous type and ulcerating. 
Not infrequently, because of the saprophytic toxin, one of its early 
signs is a secondary anemia that may very closely simulate a primary 
anemia. The patient may have marked hemorrhages, and pain is often 
a fairly early symptom, from the involvement of the adjacent parietal 
peritoneum. This involvement does not necessarily indicate that the 
cancer itself has invaded the peritoneum, but rather that the econges- 
tion which accompanies the necrotic mass extends to the peritoneum, 
and that the saprophytic bacteria may have produced a local peritonitis. 

In cancer of the left half of the bowel, one of the earliest symptoms 
may be obstruction. Here, too, other lesions are found, such as divertie- 
ula, which may rupture or may infiltrate the bowel with inflammatory 
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products, very closely simulating cancer. An endometrioma of the 
sigmoid and upper rectum is occasionally found. Polyps are not 
uncommon. 

On the right side, operation may be done in one or in two stages. In 
the first stage, the ileum is divided with the cautery between forceps and 
united to the transverse colon end-to-side. If its mesentery is free, the 
cecum and ascending colon can then be excised at the same operation, 
but if there are many adhesions, it will be best to do this subsequently. 

In tumors of the left colon down to the rectum, in my opinion, a 
three-stage operation should always be done. In the first operation, a 
cecostomy is made with a glass rod under the ascending colon, so as to 
shunt all of the fecal matter through this cecostomy opening. About 
two weeks later, the cancer is resected, with union of the colon by the 
end-to-end method or, if the patient is fat and the bowel adherent, a 
modified Mikuliez operation can be done. In this latter procedure, the 
loop is brought onto the surface of the abdomen, the two limbs of the 
loop are sutured together, and then the affected portion of the bowel is 
doubly clamped at each end and severed with the cautery. The clamps 
are left on for some days, as the cecostomy prevents obstruction. The 
spur is later crushed, and a lumen is established. If, however, the af- 
fected segment of bowel is freely movable, an end-to-end union may 
be done. It must be recalled that in the Mikulicez type of operation, the 
excision often cannot be quite so radical as in resection with end-to-end 
union. I have seen a recurrence of the cancer in the ends of the two 
stumps that followed a Mikuliez type of operation. 

Cancer of the rectosigmoid junction and of the upper rectum ean 
now be removed radically, and an end-to-end union made by suturing 
the stump of the sigmoid to the stump of the rectum. Two long guy 
sutures of linen are placed in the posterior wall of each stump, after 
rotating the upper stump so that the peritoneal surface will be poste- 
rior. By shoving down the upper stump to the lower stump as the guy 
sutures are tied, contact is made between the posterior margins of each 
stump, and they are sutured together, and then the anterior portion is 
sutured. The patient is in the Trendelenburg position. This, of course, 
presupposes that the ceecostomy has been done at least two weeks before 
and that the colon is empty. The block dissection of the sigmoid and 
upper rectum is just as thorough as though the whole rectum were to be 
extirpated. The usual technic employed in these cases has been to 
make an artificial anus. If, however, the continuity of the bowel can 
be established after excision of the rectosigmoid junction and the upper 
rectum, and the chances of cure are not sacrificed, it would seem to be 
a more desirable procedure. I have done this in several eases in the 
last three years. 

In cancer of the rectum, I prefer a one-stage operation of the ad- 
dominoperineal type, based on the Miles procedure. The abdominal 
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portion is done first, and the upper stump is drawn through a stab 
wound to the left of the ineision. Then the lower stump is pushed 
down, a peritoneal diaphragm over the pelvis is sutured, and the wound 
is closed. The patient is placed in the dorsal position or in the lateral 
position, and the excision is completed from below. One of the chief 
objections against this operation is the danger of shock. However, if 
an intravenous cannula is inserted at the beginning of the operation, and 
five per cent dextrose in Ringer’s solution is permitted to run in at the 
rate of 150 to 200 ¢.¢. an hour, or more rapidly if indicated, the opera- 
tion ean usually be completed with but little or no shock. These pa- 
tients should have at least one donor matched up and ready for trans- 
fusion of blood at the end of the operation, and, if the intravenous dex- 
‘rose in Ringer’s solution does not maintain the blood pressure satis- 
factorily, a transfusion should be given at once. In this way the danger 
of shock ean be to a large extent averted. When cancerous tissue is 
handled or manipulated, it is much better to have it removed at the 
same operation. In the three-stage operation mentioned for the left 
eolon, the cancerous tissue is not manipulated, except when the actual 
resection is done. The stages are for affording rest to the bowel and for 
making healing more prompt and peritonitis less formidable. 

In resection of the colon, we usually apply intraperitoneally the Stein- 
berg colibactragen. Formerly this was injected several days before the 
operation, but now Steinbere has produced a product which reaches its 
maximum of protection in a few hours, and may be placed in the peri- 
toneal cavity during the operation and will be effective. 

Cancer of the rectum is comparatively common. It is truly pathetic to 
see how many cases of cancer of the rectum are permitted to go to a late 
stage, when a simple digital examination might detect the disease in its 
incipiency. A patient who has bleeding from the reetum, or symptoms 
of discharge or anal discomfort should always be examined, at least 
digitally; this is best done with the fingers encased in a rubber glove, 
so permitting a deeper examination than with a finger cot. This may 
be followed by a proctosecopic examination, but a vast majority of ecan- 
cers in the lower rectum can be definitely detected by a simple, thor- 
ough digital examination, whereas merely prescribing a salve or sup- 
positories without such an examination may lead to disaster. 

Patients with mild, or low grade, or early caneer of the reetum are 
those in whom a cure will almost certainly be obtained by a radieal 
operation, and the temptation to do something conservative is not infre- 
quently fatal. Of course, if there is a polyp that is suspected of being 
malignant, it can be excised with the cautery or with the endotherm, but 
an ulcerating cancer, even though it does not go through the whole wall 
of the bowel, demands radical operation. By doing a radieal operation 
in an early cancer, we can almost assure a cure. I recall a bitter ex- 
perience of my own several years ago, when, in a patient who had an 
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early caneer of the reetum in whieh the mucous membrane was freely 
movable, the lesion was excised with the cautery. In a few months the 
caneer returned, and the condition was hopeless. I am confident that 
if I had done a radical operation in that patient at first, she would have 
been permanently cured. 

Obvious cancer of the mouth or cheeks frequently can be excised with 
the eautery, with reasonable expectation of cure. However, in these 
cases, there should be a frozen section made at the time of operation, 
and, if a higher erade of malignancy than expected is demonstrated, 
a more radical operation accompanied by irradiation either in the 
form of radon, radium metal, or x-ray, or combinations of these pro- 
cedures, should be applied. As we have learned, however, cancer of 
the gastrointestinal tract is to a very great extent radioresistant, and 
radical surgery must be done when the growth is first attacked, be- 


cause recurrences are usually hopeless. 
CONCLUSIONS 


By carefully observing and analyzing apparently trivial symptoms 
of so-called indigestion or dyspepsia, of bleeding or discharge from the 
bowel, or of changes in the habits of the bowels, a diagnosis of malig- 
naney of the gastrointestinal tract may be suggested in its incipiency, to 
be confirmed or disproved by roentgenologie examination. An early can- 
eer of the stomach or bowel properly excised should give a high per- 
centage of eures. Even late cases may sometimes be relieved and oecea- 
sionally cured. 
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TREATMENT OF NONUNION OF FRACTURES WITH BONE 
GRAFTS FIXED BY METAL SCREWS 


J. ALBERT Key, M.D., Sr. Louis, Mo. 


(From the De partment of Surgery of the Washington Unive rsity School of Medicine ) 


HEN a lone bone has failed to unite and further treatment is 

demanded, the surgeon usually must decide on some type of 
operative interference. At the present time, the methods principally 
used are drilling of the fragments, either with or without free ex- 
posure of the site of nonunion, overlapping, or cut stepping the frae- 
ments and fixing them together with screws or wires, or inserting some 
form of bone graft at the site of the nonunion. During the past five 
vears, I have consistently used a large autogenous slab of bone which 
has been fixed to both fragments by metal screws and wish to report 
the method in detail. 

The principal types of bone graft now in use are the intramedullary 
peg, with or without fixation in one fragment to prevent its sliding 
upward or downward in the medullary canal; the massive diamond- 
shaped graft, the points of which are inserted into each fragment and 
wedged in position so that it is a modified intramedullary peg bride- 
ing a gap; the onlay graft which Campbell fixes with autogenous pegs 
and which Henderson fixes with beef bone screws; the inlay graft, 
usually a sliding graft which is sometimes dovetailed into position, 
sometimes fixed with wires, sutures, or pegs; the multiple barrel stave 
erafts of Steele which may be fixed with a suture or wire; and the 
osteoperiosteal grafts of Ollier and Delagenier, which are usually laid 
across the site of the nonunion. Finally, there is the delayed inlay 
graft of Brooks in which the graft is cut and transplanted two weeks 
later after osteogenesis has started. In most instances, surgeons at 
the present time fill in any dead space between the bone ends with 
autogenous bone fragments. 

When considering operation in an effort to obtain union in bones 
which have, for some reason, failed to unite, the following require- 
ments must be met: 

1. Asepsis.—No bone graft should be undertaken in the presence of 
infection; in operating upon bones which are or have been infected, 
it is advisable to first clear up any local infection and wait at least six 
months after the wound has been permanently healed before attempt- 
ing to place a graft across the site of the nonunion. 


2. Blood Supply.—lIt is not only important that the bone ends receive 


adequate blood supply, but also that the area next to the graft be 
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healthy vascular tissue. For this reason, it is sometimes advisable to 
do a plastic operation and remove scar tissue over superficial bones or 
adherent to bone some weeks before undertaking the grafting opera- 
tion. Likewise, at the time of the operation, scar tissue around the 














Bone graft for nonunion of the radius, three months 


postoperative, union 
firm. No further trouble. 














Fig. 2.—Bone grafts for both bones of the forearm, six months postoperative. Two 
wood screws and six selftapping screws were used. Union firm in eight weeks. 


ends of the bones should be removed back to vood vascular tissue, and 


the marrow canal of each fragment should be opened, and if the bone 
is eburnated, numerous small holes should be bored into the ends of 
the fragments. 





SURGERY 


3. Apposition of Bone Ends.—All sear or fibrous tissue between the 
ends of the bone should be excised and, as a rule, the ends of the frag- 
ments should be excised for a short distance. If possible, the ends of 
the fragments should be placed in contact. If not possible, the space 
between them should be filled with bone. 

4. Osteogenic Matcrial—tThe fate of an autogenous bone graft is not 
definitely known. Some believe that the graft lives and persists ; some 
believe that it dies and may be replaced by livine bone; and some, of 
which I am one, believe that the major portion of the graft dies, but 
that some of its surface cells live and may proliferate and form new 
bone. Regardless of which of the above views is correct, it is gener- 
ally conceded that in operating for nonunion, an autogenous bone 
eraft operation is more likely to result in union than is any other type 


of operation. Consequently, I believe that autogenous erafts should 














Fig. 3.—Bone grafts for nonunion of both bones of the forearm. Only one screw 
in proximal fragment of radius because of proximity to posterior interosseous nerve. 
Union firm in nine weeks. 
be used wherever a bone grafting operation is necessary and that not 
only should the graft be autogenous, but it should be reinforced by 
bone chips and osteoperiosteal grafts. 

5. Immobilization —When_ possible the fragments should be com- 
pletely immobilized by internal fixation as well as by external fixa- 
tion, because splints and plaster casts do not completely immobilize 
the fragments, and even a small amount of movement may hinder 
union. 

The objections to the various methods of bone grafting which are 
in current use are the following: The intramedullary peg and massive 
bone graft tend to block the medullary canal and offer incomplete 
fixation. The barrel stave grafts and osteoperiosteal grafts give very 


little fixation. The inlay erafts, in my experience, do not afford very 


firm immobilization and will not stand much strain. The massive onlay 
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erafts of Henderson and Campbell are, I believe, the best type for 
routine use in nonunion of lone bones, but my experience with the 
beef bone screws has been that they not infrequently jam and either 
break or have to be cut off and are quite difficult to insert. Further- 


more, both the graft and the bone fragments have to be threaded, and 














Old fracture of the humerus with nonunion and free fragment. 


when this is done, the screw does not press the graft down upon the 
bone. I have not used the autogenous bone pegs of Campbell, but I 


do not believe that it would be possible for me to fix a graft as firmly 


with the pegs as I ean with the beef bone serews, and I know that I 


cannot fix it as firmly with the beef bone screws as I can with metal 
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screws. I have used the delayed inlay grafts of Brooks, but did not find 
that this method offered any especial advantage. It increases the danger 


of infection. 





TECHNIC OF OPERATION 


The skin of the leg to be cperated upon and the skin of the leg from 
which the graft is to be removed, usually a normal tibia, are given a 
forty-eight-hour sterile preparation before the operation. The opera- 
tion is done under general anesthesia and usually without a tourniquet. 
The site of the nonunion is adequately exposed, but not always by the 
most direct route. For instance, in operating upon the tibia, the in- 
cision is made on the anterolateral aspect of the leg, and the graft is 
placed on the lateral surface of the bone beneath the muscle. In other 
words, the incision is so planned that the graft and the area of non- 
union will be covered by an adequate layer of healthy tissue and will 
receive an adequate blood supply. 

When the site of the nonunion is exposed, the periosteum is split 
and stripped back from the exposed surface of each fragment over a 
distance sufficient to allow for the length of the graft. The sear tissue 
or cartilage, or both, between the ends of the bones is excised—usually 
by eutting off the ends of each fragment with an osteotome. Then, 
with a one-fourth inch or larger drill, the marrow canal of each frag- 
ment is completely opened, and the ends of the fragments are squared 
off if possible. If not, all of the scar tissue between them is removed 
down to hard bone. Usually the ends of the fragments are eburnated, 
and with a small drill (one-eighth of an inch or less), several holes are 
drilled through each cortex of each fragment in various directions. 
The bones are then placed in the position in which it is expected to 
secure union. If the ends can be approximated, this is done and the 
length of the graft desired is estimated. 

Then the wound is covered with a towel, and the normal tibia is ex- 
posed by a long straight incision over the anteromesial (subcutaneous ) 
surface, and the graft is outlined with a knife. I usually do not 
strip the periosteum from the bone. I have not seen, however, that 
this made any particular difference in the result. After the graft has 
been outlined, the positions of the screws are estimated, and the holes 
are drilled in the graft and countersunk before the graft is removed. 
I usually use three screws in each fragment for the femur or tibia or 
humerus, and two screws in each fragment for the forearm bones. If 
the site of nonunion is unusually close to a joint, however, and one of 
the fragments is short, there may be room for only one or two screws 
in this fraement The holes drilled in the graft for the screws are 
slightly larger than the screws to be used and permit the serew to slip 
through the graft without binding. After the holes have been drilled 
they are countersunk for a short distance in order to permit the 


screwheads to lie almost flush with the surface of the graft. The 
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countersinking also tends to prevent the screws from splitting the 


craft as they are tightened, and as a further guard against this, the 
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Fig. 5.—Anteroposterior and lateral view of the preceding fracture after grafting. 
Slight angulation of lower fragment. The loose eburnated fragment was removed, 
and union was firm in eight weeks. 














Fig. 6.—Bone graft for nonunion of the femur. Union firm in three months. 


screwholes are not placed in a straight line. Then the graft is cut 


along the margins outlined, usually with a motor saw, and is removed 


with a thin osteotome. Usually the ends are beveled as it is cut. 
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There is some danger in removing the eraft after the screwholes 
have been bored, because it is possible to fracture the graft if much 
force is exerted in prying it loose. This has happened to me on one 
occasion, and as a result | used a shorter eraft than T would have done 


had it remained intact. If a motor saw is not available or if the 














Fig. 7.—Old infected compound fracture of the tibia with nonunion. Saucerization 
operation and extensive scar excised six months after healing, and one month later 
bone graft operation done. Space between fragments filled with bone chips. Union 
firm six months postoperative. 


operator prefers, the graft can be removed by boring multiple small 


drill holes along the edges and then uniting them by cutting the inter- 


vening bone with a thin osteotome. This is more tedious, but is said 
to result in a more viable graft. Personally, | have not found that it 
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makes any difference, but if fhis method is used, I believe that it 
would be wiser to wait until after the graft is removed before boring 
the holes for the screws. Otherwise, it is apt to be broken during the 
removal. After the graft is cut, several small osteoperiosteal grafts 
are cut from the tibia, and also bone chips or cancellous bone frag- 
ments are removed if it is necessary to fill in a gap between the frag- 


ments. The wound in the leg is sutured immediately, usually by an 
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Fig. 8.—Old infected fracture of both bones of the forearm with nonunion. 
Saucerization operation, then bone graft six months after healing. Lower figures 
show graft one and one-half years after operation. Synostosis not disturbed. 
assistant, and a small rubber tissue drain is left in the wound for 
twenty-four hours. 

The cancellous bone on the medullary side of the graft is removed 
if it protrudes unduly. Otherwise, the fatty marrow is wiped off with 
a sponge. The graft is now laid across the fragments at the site of 
the nonunion in the desired position, and if necessary, the sides of the 
fragments are flattened with an osteotome in order that the graft may 
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fit snugly against them. With the graft in position against one frag- 
ment, the graft and the end of the bone are grasped with a pair of 
lion-jawed or other bone-holding forceps; and with a drill smaller 
than the screw, a hole is drilled through each drill hole in the graft 
and through the cortex of the fragment, and the steel screws are 
driven home. I use the standard vanadium steel selftapping screw of 
Sherman, and for the smaller bones I use two short screws reaching 
only through the proximal cortex; for larger bones I use one long and 
two short screws in each fragment, the long screw extending through 
to the opposite cortex. These screws, if placed in a drill hole which 
is smaller than the serew, will cut a deep thread and will bind the 
vraft very firmly to the bone, provided the fragments at the site of 
the nonunion are not too atrophic. All of the screws are driven home 
in one fragment, and then the other fragment, usually the distal one, 
is aligned and placed in the position in which it is desired to secure 
union; with the bone-holding forceps, this fragment and the graft are 
grasped, and two or three holes, as indicated, are drilled with a drill 
smaller than the screws in the cortex of the second fragment; and the 
screws are driven home as before without changing the position. 

After the graft is in place, any space remaining between the ends of 
the bones is packed with bone chips or cancellous bone which has been 
removed from the tibia at the time of the removal of the graft. The 
thin osteoperiosteal grafts which were removed from the tibia are 
placed on either side of the bone to cross the line of nonunion. Then 
the wound is closed in layers without drainage, and a plaster of Paris 
cast is applied. 

For the femur, I use a single spica cast, a cylinder cast for bones of 
the leg, a cast extending from the upper arm to the knuckles for 
bones of the forearm, and a long plaster mold extending from over the 
shoulder down the back of the arm and down the flexed forearm to 


the wrist for the humerus. 


The plaster cast is removed when it is felt that union is sufficient 


to warrant it. For bones of the forearm and the humerus, it is re- 
moved at the end of six to eight weeks, and for the tibia and femur, 
at the end of eight to twelve weeks. Where there has been a dead 
space or gap between the fragments, it is necessary to continue the 
immobilization longer than in instances where direct apposition of the 


bone ends has been possible. 


COMMENT 


The principal objection to the method is that it involves the use of 
metal in the tissues. There is no question but that nonabsorbable 
material should not be used if something else can be found which will 
do the work and do it as well. On the other hand, unless the metal is 
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subcutaneous, it has been my experience that if union occurs, the 
metal may remain in the bone indefinitely without causing trouble. 
In none of the patients upon whom I have operated by the above tech- 
nic have the screws caused any trouble—this, in spite of the fact that 


lord 


in two of the cases (Figs. 7 and 8), the screws were placed in bone 















: which had been infected over a long period of time. Personally, I 

q would rather use stainless steel than vanadium steel, because I think 

: it causes less reaction in the tissues, and I am now experimenting with 
selftapping screws made with stainless steel, but as yet they are not 
on the market. 

I find that Bruce Gill! reported four cases of nonunion of bones of 
the forearm in which he immobilized his bone graft with metal screws. 
In Gill’s cases, he split the shaft of the bone and slid half of it down 
across the gap to use as his graft and then fastened the two halves 
together with short metal screws. Apparently in his cases the metal 
did no harm, as all four united without complications. Consequently, 

‘ I do not think that the use of the metal is a serious objection, because 
q in my hands it makes the operation so much easier to perform and 
vives so much better immobilization than I have been able to obtain 
E with any absorbable material. 

The second serious objection is that selftapping screws, or any other 
type of screw, will not hold firmly in very atrophic bone, and if the 
fragments are very atrophic, it will be necessary to supplant the 
screws with some other form of fixation. For this I would be inclined 















to use stainless steel wire around the graft and around each fragment 
j in addition to the screws. However, I have not operated upon a case 
of this type by this method. 

The method has the advantages that the operation can be done with- 
out resorting to special instruments; it can be used on almost any 
j type of nonunion, even in those instances where only a short upper 
fragment is available; and that the convalescence is shortened, and 
union tends to occur promptly. I believe that the promptness of the 
union is due largely to the very firm internal fixation which is obtained. 

In all of the patients upon whom I have operated by this method, 
union has occurred promptly, and in none of them have there been any 
complications. The series is not large, and, of course, as more cases 
are operated upon, I shall expect to have an occasional failure, but I 
believe that, other things being equal, the failures will be fewer than 
with any other method with which IT am familiar.* 
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*Since this article was submitted, I have seen a paper by G. E. Haggart and M. 
Peelen (New England J. Med. 214: 815-824, 1936) in which a technic similar to that 
described here was used in the treatment of fractures of the humerus. 








HIP JOINT FUSION* 


KELLOGG SPEED, M.D., Cuicaco, IL. 
(From the Surgical De partment of the University of Chicago, Rush Medical College, 
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T IS difficult to select a title for the few remarks I wish to make, 


because my object is to describe a method of fusion for the hip joint, 








fashioned to meet the requirements of a small but perhaps broadening 
eroup of hip disabilities. This group, soliciting help from the general 
surgeon, and often passed over by him as representing end-results which 
eannot be bettered by operation, includes the following: 

A. Residual deformity in adults with hip dislocation following sup- 
purative coxitis or epiphysitis, which may have occurred years before 
consulting the surgeon. 

B. Painful subluxation or luxation of the hip, caused by trauma or 
disease, never reduced or irreducible except by operation, accompanied 
at times by fracture of the acetabulum or of the femur. 

C. Unilateral, congenital hip dislocation with maximal shortening in 
adults, where a stable, fixed hip may be required by the patient’s 
occupation and where a shelf operation alone, with possible retention 
of hip motion, is neither feasible nor desired. 

The complaint, common to these patients, is the long-standing or 
painful displacement of the femur from its normal relationship with 
the acetabulum, with or without loss or absorption of the caput femoris. 
The hips are usually displaced by trauma or disease, and the patients 
present shortening of the leg, claudication, telescoping, or loss of the 
head of the femur, and in some instances damage of the acetabulum. 
There are present, also, varying degrees of pain and tenderness, en- 
haneed by use, along with diminished function which lessens earning 
capacity or individual happiness. All results from tuberculous coxitis 
are excluded. Both the surgeon and patient must come to the conclusion 
that a bony fusion of the upper end of the femur to the pelvis will 
promise stability, overcome pain, and lead to greater utility in weight- 
bearing at work or in play. Any preexisting inflammation must be 
long quiescent. 

The two objectives sought by the surgeon are: first, to regain as 
much of the lost leg length as possible; and second, to hold this gain 
of length while a bony fusion, in a favorable relationship of femur to 


pelvis, is obtained. 
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The mechanical difficulties to overcome are that the dislocation pres- 
ent cannot be reduced and a full length of the limb cannot be obtained. 
It is not feasible to attempt to pull the leg out to greater length and to 
hold it there by embedded skeletal traction until some type of shelf 


or ordinary extraarticular fusion operation becomes strong enough to 


hold the gained length. The acetabulum cannot be deepened and re- 
shaped for the introduction of the denuded head of the femur, because 
the head cannot be pulled down far enough to enter the remodeled 
acetabulum. 


Fig. 1.—Schematic outline drawing of shelf operation for hip joint fusion, aided 
by bone peg fixation. A, Flap of ilium outlined and turned down from the ilium 
after surface of neck of femur and ilium have been freshened with a chisel. The 
drawing represents the femur pulled down farther than it is possible to do in dis- 
located hip joints selected for this precedure. B, Trochanter split out and ready to 
receive the bent-down bone shelf, according to Wilson’s method. This bone is to 
act as a source of osteogenctic activity and may be aided by fragments of cancellous 
bone or osteoperiosteal grafts from the exposed ilium, packed under and around the 
freshened neck of femur and ilium. C, Bone peg driven obliquely through sub- 
trochanteric portion of femur well into the iiium. The drawing fails to show femur 
in slight abduction, as it should. A deep penetration of the ilium is desirable as this 
peg is a fixation agent to hold until the bony shelf above becomes firmly fused and 
is able to support the femur above. See Figs. 4 and 5, 
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Operative Procedure.—Skeletal traction, by means of a Steinmann 
pin, is applied to the shortened, dislocated limb, either through the 


eondylar portion of the femur or the ealeaneus. The head of the bed 














Fig. 2.—Hip of a woman, thirty years old, with dislocation following acute, sup- 
purative epiphysitis of the neck of the femur in infancy. The displacement upward 
of the femur was extreme, the false joint painful, the leg adducted and greatly 
shortened, the head of the femur completely absorbed, acetabulum outlines indistinct, 


but this side of the pelvis well-developed. She desired a stable, painless hip for 


working and ambulation. 


is lowered, and a continuous traction is applied to the leg to determine 
how much length may be regained and held comfortably after the hip 
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fusion. The amount of time required to pull the leg out varies with 
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age, sex, and musculature of the patient; a week of continuous, hearty 


H traction usually suffices. Gained length is observed by roentgenologic 
“| examination by portable apparatus while traction is maintained. Ex- 
2 tensive destruction of the femoral head or the edge of the acetabulum 
i 


may facilitate the procedure and aid the operative fusion by permitting 
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Fig. 3.—The hip shown in Fig. 2, after being drawn down in continuous skeletal 
traction for nine days, was then operated upon, It is seen that the shelf of bone from 
the ilium has here been cut and turned down into the trochanter. The reamer is now 
inserted in the trochanteric portion of the femur as the patient lies on the Hawley 
table, leg in strong traction. Considerable length of leg has been gained over Fig. 1. 
The position of the reamer is being checked before it is driven home into the ilium. 
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the femur to slide down the ilium and to maintain a close approximation 
of femur to ilium. When the surgeon is satisfied with the gain in 
leg length, the patient is transported in his bed to the operating room. 
After anesthesia is induced, he is placed on the Hawley table. Only 


744 SURGERY 


a few moments’ relaxation of the continuous traction existing in the 
bed is allowed during the interval before the fixed traction of the 
Hawley table is substituted. The amount of abduction of the legs is 
determined by the requirements of the individual case. Seldom more 
than fifteen degrees is desired. <A slight modification of the Smith- 

















__ 


Fig. 4.—Hip of same patient as shown in Figs. 2 and 3, seven months after operation, 
The bony shelf is well-formed of massive supporting bone. The bone peg has held to 
maintain length during this bone formation. The position of the leg, in slight abduc- 
tion with the gain in length obtained by the preliminary traction, has overcome more 
than one-half of the shortening existing in the leg before operation. The patient now 
walks without support of any kind, climbs stairs, and the leg is gaining in muscular 
and bony strength. 
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Petersen incision exposes the hip area. The iliopsoas muscle is retracted 
mesially, exposing the wing of the ilium and upper part of the neck of 
the femur. In the position obtained on the table, this is found well 
apposed to the ilium, leaving, however, sufficient space to freshen with a 
chisel the end of the neck or the partially destroyed head and surface of 

















Fig. 5.—A similar end-result in a girl fourteen years old. The bony shelf was 
aided in this instance by some spicules of bone from the tibia. One can still see 
remnants of the outlined area in the ilium, from which the shelf fiap was fashioned. 
Firm bony fusion followed after eleven months, with freedom of all accessory sup- 
port and gain in leg volume and strength. 


the illum. The greater trochanter is then split vertically downward by 
a chisel, following the Wilson technic, pried outward without complete 
separation from the shaft of the bone. The surface of the ilium is 
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marked out with a chisel for a quadrilateral bone flap long and wide 
enough to turn down into the split trochanter. This flap takes much of 
the thickness of the ilium and in turning down is eracked across and 
hinged at its base. Its function is purely osteogenetic. If a hole clear 
through the ilium occurs, it need cause no worry. Some osteoperiosteal 
grafts, taken from the neighborhood, may be packed around this open 
bone, according to Key’s method. A large reamer is then driven 
obliquely upward through the subtrochanteric portion of the femur into 
the adjacent ilium or upper acetabular area, as deeply as it may go with- 
out complete penetration into the pelvie cavity. The position of the 
reamer may be checked at this stage by roentgenograms. If a satisfac- 
tory angle and penetration are secured, a bone transplant is cut from 
the anterolateral surface of the tibia to fit the reamed-out channel and is 
driven home. No effort is made to round off the transplant, and any 
excess bone material from the tibia is packed in around the denuded 
area of the hip. The wound is closed and a double spica plaster of Paris 
dressing is applied, including the whole of the operated-upon leg and 
the opposite leg to the knee. 

After twelve weeks, if the roentgenogram shows the position at the 
hip well maintained, the Steinmann pin may be withdrawn from the 
heel or femur, but the plaster of Paris encasement is left on until a total 
period of at least sixteen weeks has elapsed. The roentgenologic exami- 
nation, after removal of the plaster, normally shows considerable new 
bone formation at or about the shelf, with the indriven bone transplant 
holding its fixed position. Within a few days, the patient is permitted 
to become ambulatory on crutches, wearing an elevated sole on the shoe 
of the normal foot to avoid weight-bearing on the still forming fusion 
until roentgenologic evidence is furnished of sufficient bone formation 
to withstand the pressure of body weight, partially taken up by a walk- 
ing caliper. This interval may be two or more months, after which the 
raised sole may be removed from the well foot and a walking caliper 
applied to the operated-upon leg. 

During this interval, knee joint motion is restored by exercise and 
physiotherapy applied when no weight is borne on the leg. 

The patient finally begins to bear weight without crutch or splint sup- 
port, using a minimal additional thickness of sole under the short leg to 
avoid pelvie tipping and spinal deviation. A rapid, safe functional use 
of the limb develops along with increased power and muscular volume. 
This ultimately leads to increase of bone strength in the operated-upon 
leg. 

One of my patients is now performing active work as a farmer, one 
as a business secretary. They walk with some lameness which is pain- 
less, and are able to climb steps readily. This procedure is of value in 
giving a feeling of security to the patient, in reducing the pain and 
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distress of a sliding, painful hip, and in regaining some of the lost leg 
leneth. From an industrial standpoint, it also reduces the permanent, 
total disability. 
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TREATMENT OF FRACTURE OF THE UPPER JAW 









Viutray P. Buatr, M.D., JAMES BARRETT Brown, M.D.., 
Louis T. Byars, M.D., Str. Louis, Mo. 


HE upper jaw, surgically considered, includes all of the bones of 
the face except the mandible and frontal. It forms the framework 
of the middle two-fourths of the face, gives support to the nose and 
anchorage to the upper teeth, and constitutes the roof of the mouth, 
the floor and walls of the nasal cavity and of the orbits, and entirely 
bounds the maxillary antra. Here fracture lines disregard anatomic 
boundaries (Fig. 1). 

In the oral portion, the bone is of considerable thickness, is densely 
eancellous, and is buttressed by the pterygoid process behind, the 
malar buttress laterally, and the base of the frontal processes in front. 
The upper part of the maxilla is made up largely of thin, dense plates, 
which, besides partitioning off the facial cavities, form a trestle that 
distributes the attachment under the whole of the anterior half of the 
brain ease. 

Fractures of the alveolar process of either jaw fit roughly into three 
classes: In one, a section of the outer or inner table is pushed buceally, 
labially, or lingually, and frequently carries teeth with it. In the 
second type, a mass of alveolar process, including the contained teeth, 
is torn loose from the body of the bone; and in the third type, the 
plane of fracture is more or less vertical and transverses both the 
alveolar process and the body of the bone. Alveolar fragments are 
not apt to become entirely detached, and the mucoperiosteum which 
carries a good blood supply is so closely adherent to the alveolar bone 
that the vitality of these fragments can usually be preserved. In some 
instances, an area of bone becomes shattered into rather small spicules, 
usually mixed with fragments of roots and even of the crowns, driven 
deeply into the bone. If in such a case the comminution is limited to 
the alveolar process, the immediate removal of all detached pieces 
will likely save a long period of suppuration. If the comminution ex- 
tends deeply into the body, especially of the lower jaw, then it might 
be safer to wait until sufficient hard callus has been deposited to 
insure preservation of both contour and continuity. 

In every type of block alveolar fracture, the fragments and still at- 
tached teeth should be replaced as accurately as possible and retained 
Received for publication, December 14, 1936. 
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either by dental ligatures or some more formal dental appliance. If 
it is thought that any teeth can be retained after the bone has united, 
the dentist should have the privilege of seeing them early. 

The upward tilt of a stellate fracture of the palate usually requires 
only replacement by pressure made from within the nose. 

In the upper maxilla, actual tearing apart of the fragments can 
occur from great violence, but more commonly it is fissured, com- 
minuted, or impacted without complete rupture of the periosteum, 
more or jess resembling the crushing-in of a portion of an eggshell. 


Breaks in the zygomatic processes have more the character of lone 


bone fractures, including the possibility of displacement by muscle pull. 


Fracture lines above the palate can go in any direction, but besides 
a possible vertical separation of the two halves of the maxilla, there 


Fig. 1.—Fracture lines. An alveolar body fracture is shown running from between 
the central incisor teeth, disappearing around the antral wall on subject’s left. The 
more distinct types of body fracture are: 

1. Lower transverse—traversing the maxillary bone, through the antra and the 
nasal fossae, and the palate bone and the vomer. Posteriorly it likely traverses 
the sphenopalatine fossae and fractures either the palate bone or the pterygoid 
process of the sphenoid bone. 


2. Upper transverse—traversing the right temporal fossa, through the orbit via 


the frontozygomatic, sphenozygomatic sutures, the inferior orbital fissure, the ethmoid, 
lachrymal, maxillary (frontal process), and nasal bones and vomer. 

3. Zygomatic (malar) fracture—traverses the zygomaticomaxillary fissure, the 
inferior orbital fissure, the sphenozygomatic, the zygomatie frontal sutures with 
usually a comminuted fracture of the outer wall of the antrum. The zygomatic 
process of the temporal bone can be fractured anywhere, but the separation usually 
occurs at its junction with the temporal process of the zygomatic bone. 

4. Push-back fracture, not here shown, is a backward shifting of some or all of 
the bone lying between the orbits, the zygomaticomaxillary sutures, including, pos- 
sibly, the whole intraoral part of the maxillary bones. This of necessity includes 
a comminution of the laminae and processes lying deeper in the facial structure. 

The above are meant rather to suggest the most likely course that the lines 
will take in any particular type of fracture, but types may merge or mix, and it 
is probable that these lines might vary in individual types. 
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are four somewhat distinct types of body fracture. The first is along 
a transverse plane, partial or complete, through the antra and nasal 
cavity, maybe with incidental radiating fractures, but usually with 
little or no tearing of the oral mucosa. The whole intraoral mass, or 
a portion of it, may be quite movable, in which case it is treated as 
will be described for complete transverse fractures through the orbits. 
If there is any impaction, the displaced fragment should be freed be- 
fore fixation is attempted. 

Another plane of transverse fracture is through the orbits and nasal 
cavity. This, or the one just referred to, may be but a fissure in the 
bone with little tearing of the covering, to be detected only by elicit- 














A. B. 


Fig 2.—Upper transverse fracture. A. Shows the down-drop of the face when 
the patient entered hospital. B. Shows the face made shorter and apparently wider 
after the sagging maxillary mass had been brought to its proper position. 


ing a slight movement while grasping the vertex firmly in one hand 
and dental arch with the thumb and fingers of the other; or the whole 
detached mass can sage down one-half inch or more, giving a charae- 
teristic elongation to the face (Fig. 2). This fracture may be compli- 
cated by extension into the brain case and tearing of the dura. There 
may be an injury to the sixth nerve, or the optic nerve may be crushed 
or divided. Blindness in one eye following this type of injury is much 
more frequent than might be supposed, but it so happens that we have 
never seen or heard of its bilateral occurrence. No matter how slight 
the mobility, the possibility of a fracture into the base should always 
be considered. 





tE 


FRACTUI 


JAW 


R 


— 


mS: 


"AT 


AND 


OWN, 


> 
\ 


BI 


BLAIR, 





‘uoT}Bllds 
yo ynys pue yorq doup ansuoy pue ME ay} asNedeq UBYRMB [TM 9S YoRrq s9Y UO SUAN} VBYS dse[s ul Jr jnq ‘ayeMe UBYM UOTIISOd 
[eunzeu & YW UL Soltieo pue ‘Mel TeWULIOU 8Yyy JO JaMOd JRIIS JY JPNOUPIM sSuOTOU SuimMoyo AdBUIPIO 9Y} []B ‘Joey ul ‘sey YT “prem 
-10J JBYUMOBUIOS YT Suliq uwBo ‘aposnur pRsodtua} 9Yy} JO suaqy A0LIajUB BU} YPIM puB “UMOP PUB dn ‘AT, eB19ze, MBE BY} BAOU UBS PTIQO IU 
°(9) Aawvo prlous pue ‘(4) voUaUTWIa AZR[NOAe 9YyZ puR (JL) SNWeI VY} UVBM}0q [PAJo}UT VIqQeRIooIdde AJQA 8 SI o404} JeYY OSTY 
‘SUOI}ISOd BATPBJoU Jadoud Afey} Ul 91B SdIQV 94} [QUN pa}JRSuoja vAKYy (9) Sassevdoid Ploud1OD 94} }FBY} NG ‘lodoud tue 38y} JO YSusa] UI 
YIMOIS BIT UIvq SBY IVY} FZEYY UVVs 9q [IM I ‘poeululexoa AT[NJou B. JI ‘uUOlJDVJUL SNOUBSOJBWIVBY PUB YoU VY JO vdiNnzPORBIJ JO J[NsSod 
94} SB SaTApUuoD YIOq sO, SYZUOLU VBoIIY ZB OYM P]Iyo B JO vi[qtpueiu p]oO-1B9A-XIS 94} MOUS ‘Gg pueRe VP “QOUBl[eGC V[SNA—'§ “Sl 


"f *} 











Pee Gn ee RST 


wre 
fe SURGERY 


_ 


For fractures in either plane with no displacement and little execur- 
sion, one might rest content with prohibiting all chewing for three 
weeks, being alert to a possible increase of the false movement. Where 
there has been a real separation, the basic principle of treatment is 
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Fig. 4.—TIemporary elevation of the sagging jaw. <A, Kingsley type of splint 
with lateral outriggers made for the case by Dr. J. A. Brown, of St. Louis. B, 
Shows the splint in position supporting the jaw by means of a slight, elastic, upward 


pull of a strip of rubber dam. 


the same as for fractures through the substance of the lower jaw, 


namely, fixing the dental arches in occlusion either by wiring together 
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appropriate upper and lower teeth or by a dental splint. There being 
no muscle pull to overcome, neither the wiring or the tooth anchorage 
need be as strong as in fracture of the body of the mandible. If there 
are no remaining teeth, the patient’s dental plates can be made into 
a splint, as in treating an edentulous fracture of the lower jaw. Either 
plan will maintain the proper relation of the jaws to the face, even 
when the lower jaw is also badly fractured, this being dependent 
upon an acquired habitual tension balance of the muscles of mastica- 
tion. (Fig. 3.) 

In most lower jaw fractures, the earlier the reduction and fixation, 
the better; this is true of gravity displacements of simple transverse 
fractures, but with extensive impactions of the upper loculate part, a 
week or ten days on the average had best elapse before disturbing the 














Fig. 5.—Overcorrection of a sagging jaw after a lower transverse fracture. A, 
Shows the relation of the dental arches three months after injury, the result of 
continuing overlong a too energetic up-pull. The septum was bent, and the 
anterior nasal spine, the floor of the nose, and the base of the columella were also 
displaced upward, giving a “hooked” appearance to the nose. B, Shows relations 
restored which were made possible by the free use of a chisel. Teeth are held in place 
by an upper and lower wire ligated to the neck of each second bicuspid. Feeding 
in this case was through the space resulting from the loss of the left lower molars. 
It is rare that sufficient semisolid food cannot be taken through the mouth while 
the dental arches are fastened together, but in any event, it can be forced through 
a small catheter that rests in the upper esophagus and passes through the nose. 


comminution. One reason for recommending this interval is to give 


time for a possible spreading infection from quiescent foci to become 
evident, and to avoid the possibility or the imputation of having ag- 
geravated this complication. Further, this time might be profitably 
used to improve the general and local condition of the patient. This 
inhibition refers particularly to the forceful and difficult breaking up 


of impactions, hardly to the molding and replacing of already loose 
fragments. 
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Usually the orbital contents need no local attention in the upper 
transverse fracture. An incidental downward displacement of the 
eyeballs should in uncomplicated cases be automatically corrected by 
the raising of the maxillary mass. Unless symptoms dictate other- 
wise, antral drainage is omitted in lower transverse fractures, but 
patulence of the nasal passages must be assured. Fractures in either 
the upper or the lower plane may cause obstruction to nasal breathing 
simply from mucous swelling, if not from bony displacement, and this 
swelling might also extend to the mouth and pharynx, so that immediate 


fixation of the jaws in occlusion could seriously embarrass respiration. 














A. b. 


Fig. 6.—Open fracture. A, Shows natural healing of a wound with outward and 
downward displacement of the zygomatic bone. B, Shows the result of loosening 
the displaced bone and fastening it in a fair position where it was held by one 
removable, very fine silver wire loop and numerous fine sutures of triple A white 
silk, the silk sutures were placed mostly through periosteum or adherent scar. A 
partial repair of the soft tissues was then made, and some pieces of cartilage were 
implanted. Later the final soft tissue adjustment of the lids will be completed. 








A. 

Fig. 7.—Displacement of the globe. A, Shows a residual flattening of the malar 
eminence and the downward and backward displacement of the eye in a patient 
with whom the preservation of life and not the position of the bones was the all- 
absorbing consideration for many weeks after injury. B, Shows the improvement 
which resulted from rearrangement of the soft tissues and implantation of cartilage 
and small amount of a plastic filler. 

Gravity displacement in the predental-fixation interim can be most 
simply and very effectively controlled by the use of a Kingsley splint 
reversed, held up by a slightly elastic pull or some other similarly 
acting appliance (Fig. 4). This splint was formerly regarded as a 
proper permanent fixation for these sagging fractures, but if there is 
eomminution at the line of fracture, the upward pull can easily be- 


come over-, or inaccurately, correct, thus causing a discrepancy in 
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occlusion which could seriously compromise an otherwise good result 
(Fie. 5). For this reason the jaws should be fixed in occlusion within 
two or three weeks after injury. 

Another fracture displacement of this region is of the zygoma or 
malar bone, and this is almost always impacted. One common dis- 
placement is inward and backward; another is slightly downward, 
and outward and backward, which latter displacement may interfere 
with the forward movement of the coronoid process of the mandible, 
thus limiting mouth opening (Fig. 6). In either instance, the con- 
tinuity of the lower, or lower and outer orbital borders, and of the 
floor of the orbit is more or less disturbed. One of the most commonly 
sh¢hted complications of this fracture is a downward or backward 
displacement of the globe, because it is so easily overlooked in the 
earlier period (Fig. 7). 

The classic way of freeing malar impaction is by leverage or trac- 
tion from without. Gillies has proposed a very practical plan of 
exerting powerful leverage by inserting a long steel elevator through 
a small incision above and behind the ear at the temporal ridge. The 


instrument passes under the temporal fascia until it enters the an- 


terior part of the zygomatic fossa where it is in an advantageous posi- 
tion to manipulate the body and the temporal process of the zygoma. 
This approach has the advantage of being quite simple to execute. 
Through a larger incision we have used this approach to chisel an old 
malunion and to insert an ivory pillow-block under the end of a mesially 
displaced zygoma. Because of the considerable number of late cases 
that we have seen in which malar fracture was followed by a permanent 
slump or retraction of the globe, we have been rather routinely follow- 
ing a different plan. Observation of a considerable number of pene- 
trating wounds of the antrum with all ordinary types of war missiles, 
in various stages after injury, seemed to make the attempt justifiable. 
Usually under a general anesthetic, the mucosa is incised, and a chisel 
is driven into the antrum above the first molar or premolar teeth, the 
chisel frequently entering the fracture line. Good leverage for free- 
ing the impaction of a mass displacement of the malar bone can be 
had by inserting a heavy curved urethral sound within the antrum. 
This combined with digital manipulation from without usually gives 
satisfactory control. If there is much comminution, especially of the 
orbital floor, the anterior wall of the antrum is pried outward suffi- 
ciently to admit the examining finger, which assists in the molding 
after the major impaction has been completely freed. Perfect resto- 
‘ation of contour may be very difficult, or impossible, mostly on ae- 
count of a slight but persistent flattening of the zygomatie promi- 
nence. More perfect correction might in some cases be obtained by 
using both the intramaxillary and the temporal approach, Through 
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the latter, the chisel might be judiciously used. The contour of the 
cheek bone can be estimated with fair accuracy by standing behind 
and above the patient, with the ball of one index finger on each malar 


eminence and sighting down the midline of the face, checking the 


forward position of the dorsal surface of the fingernails on either 
side, using the line of the brows as a guide. Some allowance may have 
to be made for swelling on the injured side. The examining finger 
can ordinarily invaginate the lower lid and feel the lower orbital 
border and one centimeter of the floor. When this part of the zygo- 
matic bone has been pushed downward, the finger can feel still fur- 
ther in. Carefully palpating under the upper border of both orbits, 




















A, 

Fig. 9.—Massive push-back fracture. 4, Shows the receding of the middle part of 
the front of the face. This would appear even more pronounced were it not for 
a fracture loss in the right side of the mandible which caused an _ incidental 
retraction of the chin. B, Shows the improvement in appearance brought about by 
(1) expanding the lower jaw and bridging the gap with a bone graft from a rib, 
and (2) advancing the cheeks, upper lip, the ala, tip of the nose and the columella on 
the maxilla and nasal septum. It is likely that the still remaining infraorbital de- 
pressions will be eliminated by the use of cartilage implants. So much for appear- 
ance. The backward position of the lower part of the maxilla has crowded the 
nasal pharynx with a resulting embarrassment to the eustachian tubes and impair- 
ment of hearing. The latter is improving under the care of an otologist, but the 
threat of deafness has not been entirely removed. The writers do not believe it 
would be good surgery to attempt to bring this jaw forward at this late time. In 
another such case in which, in spite of the best of otologic care, the hearing could 
not be restored, the bone of the palate process, the septal part of the vomer, 
and the posterior part of the inferior turbinate bones were removed, and the soft 
tissues of the palate sutured. This resulted in a practical restoration of the hearing 
in one case. 
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one can make a fairly accurate estimate of any downward or back- 
ward disloeation of the globe. The outer and lower borders, the tem- 
poral process, and the intraoral surface can all be palpated. In this 
way a much more accurate diagnosis can be made of a changing 
position of contour of the zygoma and its processes than can be ob- 
tained from the examination of the average x-ray film. 

After the body and orbital floor and borders have been replaced, a 
Dakin tube (maybe two) is wired to a tooth and led up into the upper 
part of the antrum with all the perforations within the cavity. The 
cavity is then gently, but with some firmness, methodically packed 




















A, B. 


Fig. 10.—High push-back fracture. A, Shows a case where the median orbital 
borders have been pushed outward, displacing the inner canthus and_ shortening 
the palpebral fissure. There is a corresponding flattening of the nasal bridge. B, 
Through vertical, semilunar incisions, the soft tissues were pushed outward, including 
the lachrymal sacs, which were dislodged from their proper fossae in the lachrymal 
bone. This necessitated division of the internal palpebral ligaments. The displaced 
bone was chiseled away. opening into the nose. The internal palpebral ligaments 
were temporarily replaced by a forty-day fine catgut loop which engaged each inner 
eanthus and passed directly through the nasal cavities from one side to the other. 
One should attempt to get this stitch far back where it belongs. Later in all these 
cases, scar has proved a satisfactory substitute for the ligament. 

Fig. 11.—Prosthetic restoration. A, Shows loss of anterior half of alveolar process 
and hard palate and part of upper lip from a bullet wound. B, Shows restoration 
by (1) releasing lips and cheeks from remaining bone and preserving this newly- 
made sulcus by lining it with a split skin graft put in on a wax form; (2) piecing 
out the lost part of the lip by switching a flap from the lower lip; (3) the use of a 
dental prosthesis which carries the needed teeth and fills out the contour. 


with a one inch or wider folded strip of iodoform gauze, lightly 
impregnated with balsam of Peru, so placed as to maintain the bones in 
position and also placed so that it may be withdrawn without snarling. 
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Enough of the pack is allowed to protrude into the buccal fornix to 
maintain some elevation of the outer wall of the antrum (Fig. 8). The 
cavity can be irrigated daily through the tube, and the gauze is re- 
moved two or three weeks later. The thumb pressure on the cheek 
partially replaces the everted antral wall, and the irrigation is con- 
tinued for some days or longer. The final replacement of the raised 
part of the antral wall seems to come from muscle pressure. Where 
there is no tendency for bony displacement to recur, the packing may 
be omitted, but the drainage and irrigation should be continued for 
a few days. 

In the past eighteen years, we have so treated quite a number of 
antral fractures and have had no real complications, with the excep- 
tion of two that we can recall. In one, the bone was released and 
replaced and the antrum packed a day or so after injury. There 
resulted an acute reaction followed by some necrosis of the antral 
wall, but the symptoms cleared up, and the fistula closed after re- 
moval of a piece of exfoliated bone. This may have resulted from too 
early interference. The other case so treated ten days after a wide- 
spread injury suffered recurrent attacks of swelling, fever, and pain 
at intervals over a long period of time. These attacks ceased after the 
antrum was opened and a mass of sear, probably including some 
sequestered particles of bone, was removed. 

A fourth rather distinct type of maxillary fracture is a bashing-in 
of the central part of the face, usually involving the nasal bones, 
frontal process, inner part of the intraorbital border, and perhaps a 
varying amount of the lateral borders of the nasal fossa, or mavbe 
the whole lower part of the bone. This may be on one side or bilateral. 

When seen before malunion occurs, more or less satisfactory reposi- 
tion of the displaced bone can be accomplished with a chisel, and 
leverage applied from within the nose and through the anterior wall 
of the antrum. The released mass might have to be held forward by 
a wire armature, which, pushing from within the nose, gets its footing 
from a dental splint, a plaster head-cap, or a fracture helmet. The 
dental splint type is usually the most satisfactory. If the backward 
force was applied to the lower part of the bone, the dental arch, hard 
palate, and pterygoid processes may all be pushed back until they 
erowd the nasopharynx. If this is not corrected, the persisting lack 
of occlusion and evident facial deformity may be of minor importance 
eompared with the permanent impairment of hearing that can result 
from crowding of the eustachian cushions and orifices. (Fie, 9.) If 
the force is applied high up on the nasal bridge, the nasal bones can 
be pushed backward between the frontal processes, or the bony arch 
might flatten out, pushing the inner orbital border outward, so as to 
impinge on the orbital cavity (Fig. 10). To correct either of these 
two deformities when seen early, one might find it convenient to work 
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directly through one or more local skin incisions. If seen after bony 
consolidation has occurred, regardless of the type of fracture or dis- 
placement, it is not often that anything much ean be gained by at- 
tempted late bone adjustments. Displaced bony masses, such as im- 


pinging orbital borders or protruding corners, might have to be 


removed, but beyond this building-up the depressed or lacking areas 
with cartilage or some soft tissue transplant other than free fat will 
give the best corrective results. 

Open and gunshot fractures of almost any kind can occur with or 
without an actual loss of bone or maybe its covering. The ordinary 
indications for their treatment are: (1) to care for the general con- 
dition of the patient, (2) to remove no attached fragment of bone, 
(3) to fix displaced fragments in proper position, and (4) to not com- 
promise the result by any strained attempt to immediately close soft 
tissue rents. 

Intraoral losses of maxillary bone are best compensated for by a 
dental prosthesis. To make this feasible may require the release of 
abnormal tissue adhesions, implantation of skin grafts, or the switch- 
ing of mucous or skin flaps, but if all or a greater part of the intraoral 
mass has been lost, the prosthetic dentist should have access to the 
eare before the soft tissues have become contracted by sear. (Fig. 11.) 





CHRONIC SUBDURAL HEMATOMA: A CONDITION THAT 
FOLLOWS EVERYDAY ACCIDENTS 


WINCHELL McK. Craic, M.D., RocHESTER, MINN. 


(From the Section on Neurologic Surgery, the Mayo Clinic) 


A GREAT deal of attention has been directed toward the diagnosis 
and treatment of acute injuries of the head; in the treatment of 
such injuries, emphasis has been placed on immediate hospitalization, 
rest in bed, observation, and treatment of complications as they arise. 
However, insufficient attention has been directed toward the possible 
sequelae of mild injuries of the head that are accompanied by slight or 
no surface trauma, no evidence of fracture, and so little discomfort or 
disability at the time of the accident that the activities of the patient 
are not curtailed. Among the latent developments in these cases are 


the so-called posttraumatic syndrome which consists of headaches, gen- 
eralized weakness, unstable emotions, and subdural hematoma. The 
treatment of the posttraumatic syndrome consists of rest in bed, admin- 


istration of sedatives, and encephalography in selected cases. Subdural 
hematoma requires operative removal. 

Chronic subdural hematoma has been confused with pachymeningitis 
hemorrhagica; in the minds of some surgeons and pathologists there 
is a question as to whether the pachymeningitis hemorrhagica is the 
result of infection and causes the accident or whether the chronic sub- 
dural hematoma develops after the accident, from a tear in the small 
veins associated with the longitudinal sinus or from a tear in the sinus 
itself. Putnam and Cushing expressed the opinion that there were two 
types of hemorrhagic subdural hematoma, (1) the vaseular type which 
is seen frequently at necropsy on patients who have died of chronic 
alcoholism and chronie wasting diseases, and (2) the reactive or trau- 
matic type. The recent literature on the subject proves that chronic 
subdural hematoma is a much more common condition than has hereto- 
fore been suspected. When the condition is diagnosed early and treated 
surgically, restoration of the patient to normal and the relief of severe 
symptoms in the postoperative period are dramatic. Subdural hematoma 
may occur at any age and may affect either sex, but it seems to be 
more frequent among men because of their greater exposure to injury. 
Subdural hematoma should be suspected in any case in which symptoms 
of increased intracranial pressure or intracranial difficulties develop 
from a few days to months after an injury to the head. The usual 
points in the history are headache, vomiting, gradual diminution in 
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visual acuity, diplopia, convulsions, and mental disturbances. No one 
factor is common to all cases, and in spite of the fact that localization 
of the hematoma is fairly constant over the convex portion of the cere- 
bral hemisphere, the findings on neurologic examination are extremely 
variable and frequently so confusing that in order to make the diagnosis, 
it is necessary to resort to ventriculography. 

The fact that subdural hematoma occurs after trivial injuries to the 
head brings up the question of the mechanism of the development of 
the blood clot. Most of the investigators have coneluded that the source 
of hemorrhage almost always is one of the branching veins running from 
the cerebral cortex across the subdural space into the superior longi- 
tudinal sinus. QOnee the clot has formed, the latent period is rather 
difficult to explain. Zollinger and Gross explained that liquefaction 
probably takes place within the clot, and that the wall of the sae acts 
as a semipermeable membrane. They further stated that the fluid con- 
tents of the sae, which have a higher osmotic pressure than does cere- 
brospinal fluid, increase in volume as a result of osmosis, thus gradually 
distending the sac. This explanation has been questioned, but up to the 
present time it seems to be the most satisfactory solution of the problem. 

The treatment of the condition is entirely surgical, and osteoplastic 
flaps formerly were reflected in all cases. Later, Fleming and Jones 
suggested two trephine openings, one placed posteriorly and one, an- 
teriorly, for the purpose of aspirating and washing out the contents of 
the sae. MeKenzie has recommended the removal of the contents of 
the sae by suction through a small opening in the bone and subsequent 
drainage of the subdural space for forty-eight hours. Just as is the 
case in so many surgical conditions, no single procedure is applicable in 
all eases, and while the aspiration of the contents may be tried through 
one or two openings, an osteoplastic flap should be reflected in those 
eases in which the clot is still partly solidified and extends beneath the 


temporal lobe. On one or two occasions, subdural hematomas which 


apparently had been removed through one or two trephine openings 
have been exposed through an osteoplastie flap, and the residue of the 
clot was found to be causing a residual of symptoms. After the entire 
elot had been removed an uneventful convalescence followed. It is true 
that some trivial injuries to the head are followed by symptoms which 
simulate those of chronic subdural hematoma but which respond to more 
conservative treatment. In order to emphasize this point, the following 
case is reported. 

CASE 1.—A little girl who was sent to the clinie had fallen from a tree and 
injured her head, three weeks previously. The accident had not been considered 
serious, and the child had been allowed to be up and about, and she had attended 
school. The day before she was brought to the clinic, while she had been in school, 
she had had a generalized convulsion which had lasted about thirty minutes and 
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which had been followed by a severe headache which had lasted all day. On the fol- 
lowing morning she had had three convulsions. A large dose of sedatives had been 
administered, and she had been sent to the clinic in an ambulance. 

When she was admitted to the hospital, she complained of headache and was 
emotionally upset. Examination revealed nystagmus and ataxia. The temperature 
was 102° F., and the blood pressure was within normal limits. We were inclined 
to suspect a chronic subdural hematoma or delayed hemorrhage following the 
cranial injury. The day after her admission to the hospital the temperature was 
normal; there was slight ataxia, but the nystagmus had disappeared, and the child 
was clear mentally and stable emotionally. Ophthalmoscopic examination did not 
reveal choked disks, but there was a small retinal hemorrhage on the nasal border 
of the left optie disk. A preliminary diagnosis of chronic subdural hematoma was 
made and operation was considered, but because of the absence of papilledema and 
because of marked improvement in the condition of the patient, operation was post 
poned, Spinal puncture revealed yellow cerebrospinal fluid which was under increase | 
pressure. The condition of the patient was much improved after the first spinal 
puncture, and daily punctures were done for five days. The symptoms all disap 
peared, and when the patient was dismissed, she was completely relieved. Her con 
dition was not the result of chronie subdural hematoma, but was caused by a sub 


arachnoid collection of sanguineous fluid. 


The relief which followed lumbar puncture brings up the question 
of the use of this procedure in cases of injury to the head. There is 
some controversy over its place in the diagnosis and treatment of acute 
conditions, but in the chronic or delayed conditions, its safety is almost 
assured. The foregoing case is proof of its therapeutic value. In the 


presence of papilledema or choked disks, however, spinal puncture is 


contraindicated. 

Chronie subdural hematoma may occur at any age, and if it affects 
infants, the damage to the brain is sometimes extensive and permanent. 
The following case illustrates what may happen when a child falls out 
of its crib. 


CASE 2.—A boy, ten months of age, was brought to the clinic by his parents be 
cause of generalized convulsions, which involved the left arm and leg, and because 
of weakness in the left arm and leg. The history was of interest, because the child 
had been delivered through a cesarean section after the mother had been in labor 
for approximately four hours. At the age of six months, the baby had fallen out 
of his crib and had been found with the back of his neck against the wooden bar 
of the bassinet, close to the floor. The child had not eried and external evidence 
of injury had not been present. At the age of nine months, the child again had 
fallen out of his crib, and at this time a bruise had been noted on the right fore- 
head. Three hours after the accident, there had been a generalized convulsion which 
had lasted from twenty to thirty minutes, and after an interval of two days another 
generalized convulsion had occurred. Shortly after this, generalized convulsions had 
been preceded by a jerking of the left arm and leg, and following the convulsion 
there had been a definite weakness of the entire left side. 

Examination at the clinic revealed that the child was well nourished but inatten- 
tive and slow in response. The head was larger than normal and a cracked-pot sound 
and a bruit were present over the occipital region, There was a definite weakness 
of the left arm and leg, which was more characteristic of a hemiparesis than a 
paralysis. The roentgenologic examination of the head revealed digitation and 
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separation of the sutures. The anterior fontanel was still open. There was no 
papilledema, and the entire examination of the eyes did not reveal any abnormality. 
Lumbar puncture was performed, and on examination the spinal fluid was found 
to be normal. Because of weakness on the left side and because of the jacksonian- 
like convulsions, it was suspected that a lesion involved the right motor cortex, but 
beeause of the enlarged head an internal hydrocephalus also was suspected. 

Under local anesthesia, a lumbar puncture needle was inserted through the outer 
margin of the open anterior fontanel on the right side. The needle was inserted 
to a depth of 4 em. but no fluid could be obtained. The needle was gently with- 
drawn, and when it was just inside the dura, a large amount of sanguineous fluid 
was aspirated. This indicated an external hydrocephalus rather than an internal 
hydrocephalus. After 30 ¢.c. of fluid had been removed and the same amount of 
air had been injected, roentgenograms revealed that the collection of fluid extended 
over both cerebral hemispheres and that the condition was a true external hydro- 
cephalus. Following the aspiration, the condition of the patient improved, and 
for that reason a larger amount of fluid was withdrawn two days later. The im- 
provement was only temporary, however, and after three aspirations it was decided 
to reflect a small osteoplastic flap in order to determine the true nature of the under- 
lying condition and to attempt to relieve the condition. 

Under local anesthesia a right craniotomy was done, and the very thin bone was 
reflected. The dura was bluish and appeared similar to the dura over a chronic 
subdural hematoma. When the dura was incised and reflected, a hemorrhagic mem- 
brane was encountered, which identified the lesion as a true chronic subdural hema- 
toma or pachymeningitis hemorrhagica and indicated that the condition was probably 
the result of trauma to the head. The sanguineous fluid was aspirated and the right 
cerebral hemisphere was found to have shrunken; the convolutions were atrophied 
and covered with engorged vessels. A Penrose drain was inserted for permanent 
drainage. For a few days after operation, the patient improved definitely, but this 
was only temporary and the child died on the ninth postoperative day. Necropsy 
revealed a pachymeningitis hemorrhagica which extended over both hemispheres. It 
also disclosed thrombosis of dural lateral sinuses and marked dilatation of the longi- 
tudinal sinus, especially over the occipital region. The toreular Herophili was 
about three times its normal size. This probably accounted for the bruit which 
could be heard when the ear was applied to the occipital region. There was a large 
distended vein which extended into the medulla and cervical segment of the spinal 
cord. At first this distended vein appeared like syringomyelia. There was also a 


thrombosis of the right Rolandic vein. 


The presence of bilateral lesions should be suspected in all cases of 
chronic subdural hematoma. The following ease illustrates a satisfac- 
tory method of treatment through multiple trephine openings. 


CASE 3.—A boy, aged fifteen years, had been kicked by a horse two months before 
he was registered at the clinic. He had been knocked forward on his face and head 
as a result, but he had been able to return to his farm work immediately. He had 
been in excellent health for the following six weeks and had not had any residual 
symptoms. He had then begun to have sharp headaches, which had come on 
especially when he blew a musical horn. Four days after the onset of these head- 
aches, he had begun to vomit and had vomited every day for a week. The vomiting 
had been definitely projectile. He had not had any convulsions. 

Roentgenologic examination of the head did not demonstrate the presence of a 
fracture. Examination of the eyes revealed choked disks of three diopters. A diag- 
nosis of indeterminate intracranial lesion, probably subdural hematoma, was made. 
Because the symptoms were those of increased intracranial pressure, with ques- 
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tionable localization, it was decided to make a ventriculogram. Trephine openings 
which were made over the posterior horns, disclosed that the dura was discolored 
on both sides. When the dura was incised, dark blood escaped. Trephine open- 
ings were then made anteriorly, and 250 ¢.c. of a liquefied blood clot was removed 
by means of suction (Fig. 1). Immediate relief of headaches and vomiting fol- 
lowed the operation, and the choked disks began to subside. The patient was 
allowed to return to his home on the tenth day after operation and has been per- 
fectly well since that time. 

This boy had choked disks, severe headaches, and vomiting; and he was be- 
coming dehydrated. His symptoms had appeared six weeks after a minor injury 


to the head. The hematoma was bilateral and had become completely liquefied, which 
allowed removal through multiple trephine openings. Bilateral hematomas are 
common and should be suspected in all cases in which removal of a hematoma on one 
side is not followed by relief. 
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Fig. 1.—Bilateral hematomas removed by dual openings, suction, and irrigation. 


Sometimes the injury to the head is severe enough to cause uncon- 
sciousness but little else. 


CasE 4.—A farmer, aged sixty-five years, had been working in a barn, and a 
horse had fallen on him. When found, he had been unconscious for six or seven 
hours; he had been removed to his home. After he had recovered consciousness, he 
had complained of soreness in the neck, which had lasted for a few days, but he had 
been able to return to work. Six weeks later he had complained of occipital head- 
ache, nausea, vomiting, and general weakness. These symptoms gradually had 
increased in severity, and both lower extremities had become weak, which had 
necessitated his confinement to bed. He was brought to the clinic in an ambulance. 

Examination revealed a choked disk of three diopters, which indicated an in- 
crease in intracranial pressure. There was definite weakness on the right side of his 
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body, and all the symptoms were those of a tumor of the brain, At operation a 
large chronic subdural hematoma was found compressing the left cerebrum; an 
enlarged trephine opening was all that was necessary for the removal of the partly 
liquefied hematoma (Fig. 2). The postoperative course was uneventful. When 
the patient was dismissed from the hospital, the wound was healed; there was 
choking of the disk of less than one diopter; and the headaches and vomiting had 


been relieved. 


The clinical picture may be confusing, as it was in the following 


ease in which the presence of ataxia made localization of the lesion 


diffieult. 


/ 


/ 


Fig. 2.—Hematoma localized by ventriculogram; removal of hematoma by suction 
and drainage. 


Case 5.—A man, aged forty-seven years, had been perfectly well until he had 
sustained a slight cranial injury when his horses had run away while he had been 
plowing. He had been thrown from the plow to the ground. He thought his head 
had struck a stone. He had been momentarily dazed and then had returned to his 
plowing. He had been perfectly well for seven weeks, when chronie headache 
had developed; this had occurred daily, at about 10 A.M., and gradually had increased 
in severity. A week after these headaches had begun, he had become nauseated 
and generalized weakness had developed. He had been more comfortable lying down, 
and he had refused to get up. Examination by the family physician had disclosed 
choked disks, and the patient had been brought to the clinic, 

Examination disclosed bilateral choked disks of three diopters. Roentgenologic 


examination of the head for fracture gave negative results. The patient’s gait 
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was somewhat ataxic, which was suggestive of a cerebellar lesion. A ventriculogram 
revealed that the entire brain was displaced to the left, which indicated a lesion in 
the right frontal region. An osteoplastic flap was reflected, and the dura was found 
to be blue. When it was opened, there was a gush of sanguineous fluid within an 
organized chronic subdural hematoma. The blood clot, together with its capsule, 
was removed, and the wound was closed, The patient recovered completely and was 


dismissed from the hospital on the fourteenth day after the operation. 


In this case, the entire hematoma could not have been removed through 
multiple trephine openings because of its extent and consistency. 

Automobile accidents, however trivial, may be followed by latent 
symptoms of intracranial bleeding. The following case is more or less 
typical of the progress in such a ease. 


CASE 6.—A bank president, aged sixty-eight years, was brought to the clinie in a 
stuporous condition. Seven weeks previously, while he had been riding with his 
daughter in an automobile, the car had overturned, and he had sustained an injury 
to the head which had dazed him for a few moments. He had been perfectly well 
for five weeks following the accident, when he had noticed that his right leg dragged. 
He had joked about this to his family and to his colleagues, and no significance had 
been attached to it. While he previously had been well known for his accuracy, his 
colleagues at the bank had found that he was beginning to make mistakes. Soon 
his family had noticed that he was doing and saying things that he had not done or 
said before. He had been advised to take a vacation. At that time he had been 
mentally confused, and there had been definite weakness of the right leg. When 
he arrived at the clinic, he was practically comatose. 

Examination revealed definite weakness on the right side of the body, including 
the right arm and right leg. The patient could be aroused only with difficulty. He 
had a choked disk of three diopters. A diagnosis of chronic subdural hematoma of 
of the left cerebral hemisphere was made because of the change in personality and 
weakness of the right side. Operation revealed discoloration of the dura over the 
left frontomotor region, and an organized blood clot was removed through an 
osteoplastic flap, which was necessary, as the clot could not be removed through 
trephine openings (Fig. 8). The entire brain had been displaced to the right side. 
The cavity on the left side was filled with physiologic saline solution, and the wound 
was closed. The morning after the operation, the patient was sitting up and joked 
about his illness. He had complete control of all his mental faculties, His family 
said that he was more like himself than he had been for weeks. He has completely 


recovered and is working every day. 


Slight injuries to the head which are almost too trivial to be men- 


tioned may be the cause of hematomas. Frequently, when no mention 


of an injury to the head has been made in the preoperative history, the 
patient can reeall such accidents only with difficulty. 


CASE 7.—A patient who had been in coma for five days was brought to the hos 
pital on a stretcher. His sister-in-law accompanied him to the clinie, but as she 
lived in a distant city and had not seen her brother-in-law for two years, she was 
unable to give a clear history. Because of the coma and a choked disk of four 
diopters, a tentative diagnosis was made of a deep-seated tumor of the brain, prob- 


ably spongioblastoma multiforme or malignant glioma. Because the spasticity was 





768 SURGERY 


greater on the left than on the right side, a large osteoplastic flap was reflected. 
This revealed a chronic subdural hematoma instead of a tumor of the brain. Be- 
cause of the coma, the operation was performed with the patient under local anes- 
thesia. During removal of the hematoma, he regained consciousness. He was asked 
if he remembered having bumped his head within the last six or eight weeks, and it 
was with difficulty that he remembered injuring his head while playing a cornet in a 
band two months previously. The man who had sat next to him played the bass 
horn; a few members of the band had been called up to the front, and as they had 
moved, the patient had struck his head against the bass horn. He had been dazed 
for a few moments, but had walked to the front of the room, had been able to play, 


and had not noted any discomfort. 
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Fig. 3.—Osteoplastic flap necessitated by solid and semisolid hematoma. 


COMMENT 


A few years ago all the cases of chronic subdural hematoma observed 
at the clinic were reviewed, and it was surprising to find in how many 
of them it was impossible to obtain a history of cranial injury. Chronic 
subdural hematoma usually follows a slight injury. 

In considering the pathologic changes, the question of chronic sub- 
dural hematoma being an ordinary blood clot is often raised. It is 
difficult to explain how a man may sustain a blow on the head and be 
perfectly well for six, eight, or ten weeks thereafter, before symptoms 
of intracranial injury appear. At operation, an organized, liquefying 
blood clot is found beneath the dura, and the dura can be stripped off 
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a definite capsule. The clot is incased in a capsule of fibroblastic tissue 
and feels like a rubber sac. The contents of the sae consist of fluid 
which has the color and consistency of bile. Another interesting thing 
is that when the clot is solid, it is laminated, as if small hemorrhages 
had occurred at intervals. The supposition is that the hemorrhage is of 
venous origin; that a small vessel in the longitudinal sinus is torn; and 
that the bleeding is encouraged every time the intracranial pressure is 
changed, as it was in the case in which the man blew the horn after 
he had sustained a cranial injury. It is common knowledge that during 
a craniotomy, bulging of the brain can be seen if the patient grunts or 
coughs while he is anesthetized, and any strain increases the intra- 
eranial pressure. After an injury to the head, a small hemorrhage 
probably occurs which increases with changes in intracranial pressure 
until it has become fairly large. The clot becomes organized; endo- 
thelial cells form a capsule around this clot; and liquefaction then takes 
place. This sae of fluid lies in the subarachnoid space and is in econ- 
tact with the cerebrospinal fluid. It is believed that osmotic pressure 
‘auses absorption of the fluid, with the result that the sae enlarges. This 
explains the latent period and explains why the symptoms of chronic 
subdural hematoma simulate those of tumor of the brain. Intracranial 
pressure is increased, as is evidenced by headaches, vomiting, choked 
disks, and localizing signs, such as weakness of one or more extremities, 


nystaymus, and ataxia. If operation is performed early, it usually is 


followed by immediate relief of symptoms. 
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STERILIZATION OF THE AIR IN THE OPERATING ROOM BY 
BACTERICIDAL RADIANT ENERGY 


Dery Hart, M.D., DurHAM, N. C. 
(From the Department of Surgery, Duke University School of Medicine) 


er wounds, usually mild but occasionally severe, are all too 
common in every surgical clinic. The percentage of infections is 
usually underestimated unless each infection is conscientiously recorded 
and the results tabulated. The most common etiologic agent is one of 
the staphylococci. The Staphylococcus albus infection is usually mild, 
while the Staphylococcus aureus infection may be mild or severe depend- 
ing on the virulence of the particular organism, the resistance of the 
host, the suitability of the wound for bacterial growth (blood supply, 
traumatized tissue, hematoma, fat, foreign material as drains or liga- 
tures, ete.), and the degree of inoculation. 

While the occasional infection caused by other organisms such as the 
streptococcus or colon bacillus is likely to cause an investigation of the 
operating room technic, the staphylococcal infections are usually 
ascribed to imperfect skin sterilization (hands of the patient or of the 
operating room personnel). The streptococcal infections, on the other 
hand, have at times been traced to carriers in the operating room 
personnel who had the organisms in their noses and throats. The car- 
riers of these organisms were so numerous during the influenza epi- 
demic of 1918 that many operating rooms were closed except for 
emergency operations. At this time, however, I do not believe that it 
was generally considered likely that the organisms reached the wound 
except by direct transfer brought about by contamination of the 
hands, instruments, or supplies. 

Approximately four years ago, because of the occasional severe in- 
fection in large operative wounds necessarily accompanied by some 
trauma and inadequate hemostasis, we studied carefully by bacterio- 
logic cultures every step in the preparation of supplies and in the 
actual operative procedures. We found no source for the infections. 
If organisms could be cultured from the skin of the patient or the 
hands of the operating team, in the presence of perspiration, they were 
usually white staphylococci, while most of the infected wounds 
showed a pure culture of the hemolytic Staphylococcus aureus. The 
severe infections were also much more common during the winter 
months when there was the least danger of contaminating the wound 


with infected perspiration. 
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Fig. 1.—Sterile Petri dish of blood agar exposed to the 
during occupancy for one hour during the winter and incubated for forty-eight hours. 
The organisms are predominantly staphylococci, the albus predominating, while the 
aureus, hemolytic, and nonhemolytic varied with the number of carriers at the partic- 
ular time that the cultures were taken. Where the incoming air is not washed and 


air of the operating room 


filtered, there may be many molds and spore-forming organisms, and the total count 
will be much greater. For a comparable culture made during the i 


summer, see Fig. 2. 














Fig. 2.—Culture similar to Fig. 1 made during the summer when the air contami- 
nation in the operating room is lower than during the winter. Here also the large 
number of molds and spore-forming organisms present in the outside air have been 
removed by washing and filtering the air, so that the culture plate shows pre- 
dominantly staphylococci. Most of these probably entered the air from the occupants 
of the operating room. 
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As soon as a Petri dish of blood agar was exposed to the air in the 
operating room, the source of our infections was evident. Invariably 
large numbers of organisms, predominantly staphylococci (albus and 
aureus) settled out of the air. (Figs. 1 and 2.) Infections with the 
Staphylococcus aureus usually oceurred when the air contamination 
with this organism was greatest. Cultures were taken daily, and a 
continuous graph was plotted in an attempt to anticipate the periods 
of greatest danger. During these periods of high contamination (Fig. 
3), all operations having a wound highly susceptible to infection 
(thoracoplasties, radical mastectomies, ete.) were postponed to a time 
when the air contamination was low (Fig. 4). Infections were reduced 
but not eliminated by these measures, since the air was never free of 
organisms. 
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TOTAL STAPHS.- 

Fig. 3.—Graph showing the number of staphylococci cultured from the air in an 
operating room during occupancy during the month of March. Each point on the 
graph represents the number of colonies dropping out of the air on a sterile Petri 
dish of blood agar during one hour of exposure. For our operating rooms, this 
contamination during the first half of the month was considered to be quite high, 
particularly for the Staphylococcus aureus, which is more likely to grow if it gains 
entrance to a large wound. The total bacterial count here was quite low and was 
obtained only by ventilating the room with washed and filtered air, painting and 
washing the room, limiting the number of occupants, and masking at all times. 


At the time it was felt that the organisms were brought into the 
operating rooms from the other parts of the hospital by air currents. 
The incoming air, which had been washed and filtered, but not cooled 
or dehumidified, was found to be practically sterile (Fig. 5) even 
though the outside air contained many organisms, mostly nonpatho- 
genic (Fig. 6). Double doors were installed to prevent air currents 
between the wards and operating rooms, the ventilating system was 
run so as to bring in large quantities of clean air and allow it to escape 
through the cracks around doors, thus hoping to prevent infected air 
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from reaching the rooms. <All persons entering the operating rooms 
at any time wore the conventional, but totally inadequate, mask. Cul- 
tures from the walls and ceilings showed staphylococci to be present. 
The walls and ceilings were repainted, and the floors and walls were 
washed frequently in order to eliminate this source of contamination. 
Following these measures, the room so treated was almost free of or- 
eanisms until it was occupied for the first operation, at which time the 
air contamination immediately rose. The operating room shoes, uni- 
forms, blankets, sheets, and other supplies were free of staphylococei 
except for an occasional colony obtained from the shoes. These were 
no more numerous than from the other objects exposed to the air in 
the same room. The air in the operating room, which was in almost 
continual use, was found to be more highly contaminated than the air 
at any place cultured in the hospital or medical school. The degree 


of contamination at any place seemed to be directly proportional to 


the number of people present and the duration of occupancy. 
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Fig. 4.—Graph plotted similar to Fig. 3, showing a period of extremely low con- 
tamination of the air of an operating room during occupancy. It is only rarely that 
we have a period when the total contamination with staphylococci is so low, but 
there are many times when a Staphylococcus aureus is only occasionally found. 
During such periods, large operations can be performed with much greater safety 
than during the period represented in Fig. 3. 

It was then determined that at that time, during the winter months, 
from 65 per cent to 85 per cent of the operating room personnel, as 
well as the general population, were carriers of the Staphylococcus 
aureus (frequently hemolytic) in their noses and throats (Fig. 7). 
During the following summer, the percentage of carriers dropped below 
20 per cent. In any room, given the same degree of occupaney, it was 
found that the air contamination with the Staphylococcus aureus varied 
directly with the number of carriers of this organism in their noses and 
throats. The danger of infecting a given wound seemed to depend on 
the degree of air contamination which in turn depended on the number 
of carriers. Even with such a high percentage of carriers of the 
Staphylococcus aureus, it was thought wise to eliminate all of them 
from certain rooms to be used for operations, such as thoracoplasties, 
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radical amputations of the breast, nephrectomies, arthroplasties, Cesa- 
rean sections, or other large procedures. This was found to be imprac- 
tical since the nose and throat cultures changed from day to day, many 
of the carriers apparently not having the organisms in their noses and 














Fig. 5.—The air coming into the operating room was practically sterile on repeated 
examinations. This Petri dish of sterile blood agar was exposed for one hour and 
cultured for forty-eight hours. 
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Fig. 6.—Petri dishes of sterile blood agar exposed on the roof showed many 
organisms. These were predominantly molds and spore-forming organisms. This 
contamination was eliminated by the air-conditioning apparatus (see Fig. 5). The 
air in the operating room was recontaminated by the occupants, the staphylococci 
predominating (see Figs. 1 and 2). 


throats continuously. All persistent carriers, however, were eliminated ; 
masks were worn at all times; and everyone in the operating room dur- 


ing operations wore two masks. No visitors were allowed ; large opera- 
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Fig. 7.—The number of colonies of Staphylococcus aureus cultured from the air was 
apparently determined by the number of carriers present. The upper part of the 
chart shows the number of colonies of Staphylococcus aureus settling out of the air 
on a Petri dish during an hour’s exposure. During this time, rigid regulations to 
reduce the air contamination had not been put into effect, and the significance of 
the carriers was being determined. The lower part of the chart shows the number of 
carriers and noncarriers in the operating room personnel and in the general population 
as determined by cultures of the nose and throat. 
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tions were performed only as the first cases in the morning when the 


air was least contaminated; and the ventilating fans were run con- 
tinuously to dilute the contaminated air. With these measures the air 
contamination was reduced, but not to such a level as to eliminate 
infections. 

Since we had shown that the contamination must come from individ- 
uals present (operating personnel or patient), and sinee these could 


TRANSFORMERS 








SPECIAL RADIATION TUBE INSTALLATION 


Fig. 8.—The radiation tubes were mounted about the operating room lamp as 
shown, the opposite tubes being placed five feet apart. This installation was used 
for the following reasons: 

1. No object nea, the wound could block all the radiation. 

2. Bacteria given off by the operating team would be killed since they would be 
in the area of most intense radiation. 

3. A barrage of bactericidal radiation would be laid down which would kill all 
bacteria in the air before they could float into the operative field and drop into the 
wound. 

4. Since the radiation ‘tube mounting moves with the operating room light, the 
operative incision is always directly beneath the center of the radiation. 


not be eliminated, or contamination of the air prevented, we felt that 
some method of sterilizing the air was the only means of eliminating 
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this great source of danger to the patient. We turned to radiant energy 
known to have bactericidal properties as offering the best chance of 
accomplishing the desired results. A therapy ultraviolet light was 
shown to be capable of destroying a sprayed culture of Staphylococcus 
aureus at a distance of eight feet within sixty to ninety seconds. <A 
radiation device was designed and constructed by the Westinghouse 
Lamp Company to give the maximal bactericidal radiation and the 
minimal erythemal action on the patient. These devices are tubular 
in shape, have unheated electrodes, and are filled with a mixture of 
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Fig. 9.—Petri dishes of blood agar, sprayed lightly with a filtered suspension of 
hemolytic staphylococci, were practically sterilized within sixty seconds when exposed 
to the radiation in the approximate location of an operative incision, five feet below 
the center of the tube mounting. 


eases in which the discharge takes place with the production of radi- 


ant energy having a high bactericidal and a low erythemal effect. The 
tube itself remains at a temperature only a few degrees above room 
temperature, and there is no objectionable production of ozone. Eight 
of these tubes were mounted as shown in Fig. 8 at a position so that 
each tube was approximately five feet from the operative incision. 
Blond volunteers were exposed at this distance for as long as eighty 
minutes without more than a slight redness and prickling sensation 
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in the skin which disappeared within twenty-four hours. Lightly 
sprayed cultures of a filtered suspension of hemolytic Staphylococcus 
aureus were killed at this distance within sixty seconds (Fig. 9), while 
heavily sprayed cultures were killed within less than five minutes 
(Fig. 10). Many types of bacteria were exposed with uniformly rapid 
death to practically all the organisms.* 

Sterile culture plates exposed to the air for one hour within six to 
eight feet of the radiation tubes showed only an occasional organism, 
whereas the plates similarly exposed the preceding hour showed many 
eolonies (Figs. 11 and 12). It was felt that we were laving down a 


barrage of radiant energy about the operative wound which would 
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Fig. 10.—Petri dishes of blood agar, sprayed heavily with an unfiltered suspension 
of hemolytic staphylococci, were practically sterilized within less than five minutes 
when exposed to the radiation five feet below the center of the mounting. As can 
be seen, most of the colonies in the center of the Petri dish were killed within two 
minutes, while about the periphery the organisms which were shaded from part of 
the radiation survived this exposure in larger numbers. With an unfiltered suspen- 
sion, the organisms were in clumps and also with a heavy inoculation, part of the 
organisms were more likely to be partly shaded by other organisms and therefore 
survived for a longer period of time than in Fig. 9. 


kill not only all organisms floating in from the surrounding air, but 
any which might be given off by the individuals in the operating 
rooms. 

Wounds in animalst were exposed for as long as ninety minutes at 
a distance of five feet from the eight tubes. The skin, subcutaneous 
tissue, muscle, and peritoneum seemed to heal as well as, if not better 
than, where the radiation was not used. There was no increase in 

*Cultures were made by John Devine, who is working with me on the effect of this 


radiation of various organisms. To be published. 
tExperiments carried out with Paul W. Sanger. To be published. 
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Fig. 11.—Petri dishes of sterile blood agar exposed during the winter to the air 
for one hour during an operation in a location five feet from the incision, three feet 
above the floor, and seven feet from the center of the radiation tube mounting. The 
exposure without the radiation was made first, while the exposure with the radiation 
was made during the following operations at which time with longer occupancy the 
air contamination should have been greater. Only two colonies are present in the 
Petri dish exposed to the radiation, and one of these is near the periphery where it 
may have been shaded and protected, 
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WITH RADIATION 


LOCATION: 5 FT. FROM INCISION, 7FT.FROM CENTER OF 
RADIATION, 3 FT. ABOVE FLOOR 











Fig. 12.—Sterile Petri dishes of blood agar exposed during the summer in the 
same manner for the same duration and at the same location as those shown in 
Fig. 11 which were exposed in the winter. Note the diminished air contamination 
during the summer (compare Fig. 11). The effectiveness of the radiation in de- 
stroying the bacteria in the air is shown, since there is only one colony of staphy- 
lococci on the plate exposed to the radiation even at a distance of seven feet. 





780 SURGERY 


the number of peritoneal adhesions following exposure of the viscera. 
The brain and spinal cord were likewise exposed without subsequent 


demonstrable neurologic disturbances. 


A protection was devised for the operating room personnel consist- 


ing of a hood of starched cloth over the head, face, and neck with 
goggles of plain glass to protect the eyes. It was necessary to main- 
tain suction beneath the goggles to prevent fogging. This protection 
was at times supplemented by an eyveshade or a tropical sun helmet. 
The gown and gloves apparently give sufficient protection to the skin 


covered. 














Fig. 13.—Perspiration, either on the skin of the patient or the operating team, is 
a distinct hazard in the operating room, The four culture plates are from the hands 
of the four members of the operating team on a very hot day. Cultures of the 
hands before operation showed no growth. Cultures at the end of the operation 
showed only Staphylococcus albus, the numbers of colonies on repeated cultures on 
different days being directly proportional to the amount of perspiration present. 
These organisms must have been washed out from the glands and hair follicles 
where they cannot be removed by scrubbing or killed by the use of antiseptics. We 
have no assurance that the Staphylococcus aureus may not occasionally be present. 
A torn glove, a damp gown, or the patient’s wet skin may allow the organisms to 
get into the wound, 


Over 200 operations have been performed on patients with uniformly 
ereat improvement in the postoperative course. In no case has a 
patient received a burn, and no patient has complained of the prickling 
sensation in the skin which comes from long exposure. Wound heal- 


ing has been better as a whole than in those cases where the radiation 
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was not used. This may be partly or completely accounted for by the 
elimination of bacterial contamination, or there may be some stimulat- 
ing effect to the radiation. Only one patient has developed an unex- 
plained infection in a clean operative wound. No member of the 
operating room personnel has received a burn. It has been increasingly 
difficult to impress on them the need for adequate protection, since 
the radiation appears to be so harmless. A few have had a prickling 
sensation in the skin for a few hours, and one nurse who remained 
close to the radiation tubes for some time without glasses or other 
protection for the eves developed a conjunctivitis which cleared up 
within twenty-four hours. 


Extrapleural paravertebral thoracoplasties were taken as the best 


type of operation to prove the efficacy of the radiation in preventing 


wound iniection or severe contamination. These wounds have a large 
exposed area; there is always considerable trauma; hemostasis at best 
is imperfect; and closure of all layers except the skin has been made 
with continuous catgut. These wounds, therefore, offered a favorable 
site for the growth of any pathogenic organisms which might gain 
entrance. Before beginning the use of bactericidal radiation, an ocea- 
sional severe infection forced us to insert drains, while after beginning 
the use of this radiation, the insertion of drains was soon discontinued 
as there was little drainage or reaction in the wound, and cultures of 
the drains on removal showed no growth. Comparative results as 
shown in Table I indicate that bacterial contamination of these wounds 


has been greatly reduced if not eliminated in the majority of operations. 


TABLE I 
EXTRAPLEURAL THORACOPLASTIES FOR PULMONARY TUBERCULOSIS 


WITH RADIATION WITHOUT RADIATION 
TIME OF OPERATIONS JAN., 1936 TO OcT., 1936 MOSTLY IN SUMMER, 1930 
1955, SINCE EXPERIENCE HAD 
SHOWN THAT WITH HIGH AIR 
CONTAMINATION IN WINTER, 
INFECTION WAS MORE LIKELY 
TO OCCUR 
(NUMBER ) ( ( NUMBER ) 
Total operations (43) (110) 
Infections a (2) 33. (36) 
Total deaths at (1) Dee (6) 
Deaths from infection in (0) 
wound 
Postoperative temperature | (20) 
above 100.4° F. (38° | 
C.) 
Postoperative temperature 
for longer than 4 days 


The radical mastectomies, like the extrapleural thoracoplasties, have 
inevitable trauma and a large exposed area during operation and in 
our hands have been closed with catgut. Although the group of cases 
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is smaller than for the thoracoplasties, they are given in Table IL. 
This also shows the great improvement in results in the postoperative 
course of the patients operated on in the field of air sterilized by bac- 
tericidal radiation. 

TABLE II 


RADICAL MASTECTOMY 


WITH RADIATION WITHOUT RADIATION 
- TIME OF OPERATIONS JAN., 1936 TO SEPT., 1936 JAN., 1935 TO SEPT., 1936 


NO INFECTION | INFECTION |NO INFECTION INFECTION 
Number of operations 

Nonulcerated 8 () ‘ » 
Uleerated 2 ] | ] 
Total 10 l ‘ 4 


WITH RADIATION WITHOUT RADIATION 


Postoperative tempera- N (NUMBER ) % (NUMBER ) 
ture above 38° C. 36 (4) 44 (7) 
Postoperative tempera- | 
ture elevation for : : 44 
longer than 4 days 


The inguinal herniae were selected as a group of clean operative 
incisions tiaving a smaller size and less trauma than either the thoraco- 
plasty or radical mastectomy group. Even in these cases there was 
a striking improvement in the results as shown in Table III. It was 
not appreciated by any member of the staff that we had as many 
infections (all of them mild) in these cases where the bactericidal 
radiation was not used. Since it was felt that there was little danger 
of infection in a small incision of this type, only sixteen were operated 
upon with bactericidal radiation. In general, the large hernia, in the 
more obese patient, was operated upon with the radiation, since it was 
felt that infection was more likely to occur in these cases. 


TABLE III 
INGUINAL HERNIAE 
(INDIRECT AND DIRECT) 


WITH RADIATION WITHOUT RADIATION vy 


‘TIME OF OPERATIONS JAN., 1936 TO SEPT., 1936 JAN., 1935 TO SEPT., 1936 
| % ( NUMBER ) ( NUMBER ) 
Total operations | (16) | (109) 
Number of infections (0) 4.6 (5) 





Number of deaths (0) | (0) 


Postoperative temperature 2. : (40) 
above 38° C. | 

Postoperative temperature | 2% (4) ‘ (60) 
elevation for more than| 
4 days 


Of the remaining patients operated on under the bactericidal radia- 
tion, consisting of laparotomies, postoperative herniae, femoral herniae, 
laminectomies, craniotomies, thyroidectomies, etc., no case became in- 
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fected. During this same period, in cases when radiation was not used, 
there were several mild infections, and one craniotomy incision, for 
an inoperable glioma, became infected with the Staphylococcus aureus. 
The latter patient diet as a result of infection. 

Among the group of over 200 operations performed in a field of air 
sterilized by bactericidal radiation, there were four clean operative 
wounds, all extrapleural thoracoplasties, in which infection was sus- 
pected. However, there was only one unexplained infection. The four 
cases are given briefly for the purpose of a complete report. 

CASE 1.—The patient had a large hematoma which became infected. The portal 
of entry of the bacteria was unaccounted for, possibly from the air, or possibly from 
an unrecorded tear in a glove, or by way of the blood stream. 

CASE 2.—The patient developed a mild infection which the surgeon who operated 
accounted for by a ‘‘large rent’’ in his glove with gross soiling of the wound with 
the perspiration which accumulated on a very hot day (Fig. 15). In an attempt to re- 
move this, the wound was irrigated with a large amount of physiologic salt solution, 
but this irrigation did not prevent the infection. 

CASE 3.—Following the third stage of a thoracoplasty, the patient developed 
a small area of skin necrosis as a result of cutting off too much of the blood supply 
to the skin flap. The temperature did not go up until after the fifth day; organisms 
were cultured from the necrotic skin; sutures were removed from this area alone, 
with rapid subsidence of the temperature and healing. The remainder of the wound 
was free of infection. 

CASE 4.—The patient ran a high temperature following operation, and the incision 
was first explored with a probe and later opened under anesthesia. No pus was 
found; the wound did not appear to be infected or subsequently show signs of sup- 
puration. A Staphylococcus aureus grew out of the culture taken when it was 
opened, some time after the insertion of the probe. It soon developed that the tem- 
perature was caused by an extension of the tuberculous process to the good lung. 
This was confirmed by x-ray examination and prevented a continuation of the collapse 
by thoracoplasty. 

The tables quite strikingly show the great reduction in the number 
of infections where the operation is performed in a field of bactericidal 
radiation. The lower postoperative temperature elevation and its much 
shorter duration following operation are evidence that there was a 
diminution in the bacterial contamination in those wounds which ordi- 
narily do not go on to suppuration. This reduction in the post- 


a>) 


operative temperature in clean cases suggests that much of the elevation 


which we ascribe to absorption of blood and traumatized tissue in 
clean wounds, or to increased absorption of tuberculin in thoracoplasties, 
is really caused by a bacterial infection which does not progress to the 
stage of suppuration. Equally as striking as the objective improve- 
ments noted in the tables were the symptomatic improvements in the 
postoperative course where radiation was used. The patients com- 
plained less of pain and soreness in the wound; the general systemic 
reaction was less severe; healing was more rapid; and convalescence 
was less stormy than in the patients operated on without the use of 
the bactericidal radiation. 
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SUMMARY CONCLUSIONS 





AND 


1. The air in any closed space, as in an operating room occupied 
by human beings, is highly contaminated with pathogenic bacteria, 
as can be demonstrated by exposing a suitable culture plate to the 
air and incubating it at body temperature. 

2. Human beines are the source of the air contamination. The 
usual operating room mask is inadequate. 

3. Most of the operating room infections are caused by organisms 
similar to those floating in the air and recovered on exposed culture 
plates. 

4. Since these pathogenic organisms floating in the air are predomi- 
nantly staphylococci, and since the skin is known to be highly con- 
taminated with these organisms, the wound infections have usually 
been aserbed to contamination from poor skin technic, while the air 
has been ignored. 

). Bactericidal radiant energy is almost 100 per cent efficient in 
killing the organisms floating in the air in the operative field at a 
distance of five feet from the source of radiation, while it is over 80 
per cent efficient at distances of eight to ten feet. 

6. This radiation will not blister a blond at five feet within eighty 
minutes; in a series of over 200 operations, no patient has been burned, 
and there has been no demonstrable damage to the tissue exposed in 
the wound. 

7. With adequate protection, no member of the operating room per- 
sonnel has received a burn. 

8. There is not an appreciable amount of ozone formation. 

9. By the use of this radiant energy, operating room infections have 
been greatly reduced; the postoperative temperature in supposedly 
clean cases has been lower and of shorter duration; there has been 
better healing; and the patient has had less postoperative discomfort. 

10. It is our opinion that without bactericidal radiant energy to 
sterilize the air, every wound is highly contaminated with pathogenic 
bacteria. Avoidance of unnecessary trauma, tension, and strangulation 
of tissue, meticulous hemostasis, and the use of silk will go far toward 
preventing these organisms from gaining a foothold. Such technic, 
however, cannot be relied upon to produce such an unfavorable field 
that these organisms will in no case grow and cause suppuration. Jt 
is far better to prevent the entrance of organisms into the wound. The 
best surgical technic still should be used. Silk as the least irritating, 
most easily sterilized, smallest volume, and most satisfactory, but non- 
absorbable ligature and suture material can be buried in the wound 
with greater confidence when the air, our greatest source of wound 
contamination at the present time, has been rendered free of viable 


pathogenic bacteria. 
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PAPAIN AND PERITONEAL ADHESIONS 


R. H. EGerron Euuiorr, M.D., AND FRANK L. MELENEY, M.D., 
New York, N. Y. 


(From the Surgical Service of the Presbyterian Hospital) 


N A recent paper, Ochsner and Storek' reported 231 collected cases in 

which papain had been used to prevent the re-formation or initial 
formation of peritoneal adhesions. Clinical results were obtainable in 
224 of their eases, and of this total, 88.8 per cent were classified as 
satisfactory. Their article, however, fails to give statistics on a similar 
series of cases in which papain was not employed, and consequently the 
evaluation of their results is difficult. 

It is not the purpose of this paper to discuss the properties of papain. 
For information on this subject, the reader is referred to the excellent 
articles of Ochsner and Storek,! Ochsner and Garside? and Walton.® 
Suffice it to say, however, that papain is a vegetable ferment and is 
capable of dissolving fibrin. 

Through the kindnéss of Dr. Ochsner, who has kept us supplied with 
the drug, we have been able to use papain in many of our eases of 
peritoneal adhesions during the past four and one-half years. On his 
recommendation, we have used papain in dilutions of 1:20,000, it being 
our practice to dissolve 50 me. of the drug in 1000 ¢.c. of mammalian 
Ringer’s solution. By and large, the amount used in each ease has 
averaged in the neighborhood of 500 ¢.¢., as it has been our experience 
that the peritoneal cavity would rarely hold more than this amount. 
In every instance in which papain was employed, it was used to prevent 
the re-formation of adhesions divided at the time of operation, and in 
no case was it used solely in a prophylactie sense, i.e., to prevent the 
initial formation of adhesions. 


MATERIAL 





A total of 72 cases are reported here. These represent patients upon 
whom division of peritoneal adhesions was performed at the Presby- 
terian Hospital between January 1, 1932, and January 1, 1936. No 
case has been included with a follow-up of less than six months’ dura- 
tion. Six of the cases were subsequently reoperated upon. 

Papain was used in 34 out of the 72 cases (or in 47.2 per cent of the 
entire group) and at reoperation in 2 out of 6 instances. No papain 
was employed at the initial operation in 38 eases (52.8 per cent of the 
entire group), and it was omitted at reoperation in 4 out of 6 instances. 
Received for publication, November 24, 1936. 
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SURGERY 
SEX AND AGE 


In the combined series of 72 cases, 54, or 75 per cent, were females, 
and 18, or 25 per cent, males, the ratio of females to males being 
exactly 3 to 1. This is a somewhat lower figure than that found in 
Ochsner and Storck’s series in which the females outnumbered the males 
by shghtly better than 5 to 1. 

The youngest in our series was fifteen years of age, the oldest, seventy- 
two years. By actual count there were no eases in the first decade (the 
Presbyterian Hospital does not admit patients under the age of 13), 
8 (11.2 per cent) in the second decade, 24 (33.3 per cent) in the third 
decade, 16 (22.4 per cent) in the fourth, 12 (16.6 per cent) in the 
fifth, 7 (9.6 per cent) in the sixth, 3 (4.1 per cent) in the seventh, and 
2 (2.8 per cent) in the eighth. It will be seen that more than half of 
the eases (55.7 per cent) occurred in the third and fourth decades. 
Similar results were found in Ochsner and Storek’s series, in which the 


percentage for the same two decades was 58.5. 


TABLE I 


AGE INCIDENCE BY DECADES 











DECADE NO. OF CASES, PER CENT 
lst 0 0.0 
2nd Ss LiZ 
3rd 24 33.0 
4th 16 22.4 
5th 12 16.6 
6th 7 9.6 
7th 3 4.1 
Sth 2 2.8 





PREVIOUS OPERATIONS 


Of the 34 patients upon whom papain was used, 31 had undergone 
previous operations. The total number of previous operations for this 
gvroup was 44, giving an average of 1.4 operations for each patient 
previously operated upon. Of the 38 patients upon whom no papain 
was used, 37 had undergone 51 previous operative procedures. The 
average number of operations for each patient previously operated upon 
in this group was therefore the same as in the papain group, or 1.4. 
The greatest number of operations previously performed upon any one 
individual in the papain group was 3 and in the group without papain, 
5. The actual numerical incidence of operations is shown in Table II. 

As far as the types of previous operative procedures are coneerned, 
it will be seen from Table III that in both series appendectomies were 
the most frequent, with pelvic operations second, and division of ad- 


hesions third. 
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TABLE II 


INDIVIDUAL INCIDENCE OF PREVIOUS OPERATIONS 

















NO. OF PREVIOUS NO. OF PAPAIN CASES NO. OF CONTROL CASES 
OPERATIONS PERFORMED ON PERFORMED ON 
l 2] 28 
2 7 6 
3 5 ys 
4 0 0 
D 0 ] 


0 3 ] 


TABLE III 


PREVIOUS OPERATIONS 





ee an alias NO. PERFORMED ON NO. PERFORMED ON 
PAPAIN CASES CONTROL CASES 

Division of adhesions 7 ie 
Appendectomies 16 2] 
Pelvic procedures 8) 14 
Gallbladders 4 ] 
Herniorrhaphies ] ] 
Enterostomies 3 4 
Resections ; 2 
Drainage peritoneal abscesses l l 

44 D1 





EXTENT OF ADHESIONS 


The extent of adhesions found at operation was mentioned in all but 
one ease (one in which papain was employed). For simplicity’s sake 
we have employed the terms: few, moderate, and many or massive 
to designate their extent, the distinction being a purely arbitrary one 
and often difficult to determine from the operative notes. It will be seen 
from Table IV that among those in the papain group in which it is men- 
tioned, the adhesions were few in number in 10 eases (30.3 per cent), 
moderate in 18 eases (54.6 per cent), and many or massive in 5 (15.1 per 
cent). In the ‘‘no papain’’ group, they were few in 17 instances (44.8 
per cent), moderate in 16 (42.1 per cent),and many or massive in 5 (13.1 
per cent). From this it would appear that by and large the adhesions 


were more extensive in those cases in which papain was used. 


TABLE IV 


INCIDENCE OF ADHESIONS 

















a ; NO. OF PAPAIN NO. OF CONTROL ; 
EXTENT PER CENT PER CENT 








CASES CASES 
Few LO 30.3 17 44,8 
Moderate 18 54.6 16 42.1 
Many or massive 5 15.1 5) 13.1 
Not mentioned l 0 











SURGERY 
FOLLOW-UP 


Inasmuch as this is a study of late results, no cases which have not at- 
tended our follow-up clinie for at least 6 months have been included in 
The longest follow-up in the papain group was 44 months, 


this report. 
The average fol- 


and the longest in the ‘‘no papain’’ group 51 months. 
34 papain cases was 19.38 months, and that for the 
From Table V it will be seen that 67.7 per 


low-up for the “no 


papain’’ group 20.6 months. 
cent of the papain group and 73.8 per cent of the group receiving no 
papain were followed for a year or longer; that 32.4 per cent of the 
former and 44.8 per cent of the latter were followed for 2 years or 
longer; that 14.7 per cent of the former and 10.6 per cent of the latter 
were followed for 3 vears or longer; and that though’ no cases in the 
papain group were followed for 4 vears, there was one case (2.7 per 
cent) in the ‘‘no papain’’ group followed for slightly longer than this 
time. 
TABLE V 


FoLLow-Up (NONE UNDER 6 MONTHS) 





apeplcionoad NO. OF PAPAIN PER CENT NO. OF CONTROL PER CENT 
FOLLOWED CASES CASES 

6 l 2.9 > 7.8 
7 to 11 10 »g 4 7 18.4 
12 to 17 S 3.9 10 26.3 
18 to 23 } 11.8 | A | 
24 to 29 2 9.9 7 18.4 
30 to 35 } 11.8 6 15.8 
36 to 41 } 11.8 2 9.2 
42 to 47 l 2.9 l A f 
48 to 53 (0) 0.0 l 2.7 


UNTOWARD SEQUELAE IN THE USE OF PAPAIN 


Ochsner states that high concentrations of papain may cause peritoneal 
irritation, but that the dilution of 1:20,000 which he advoeates gives no 


demonstrable symptoms or signs. Our observations confirm this. In 


fact, we have to report only one untoward sequela which we believe 
might have been avoided. We have thought that theoretically, at least, 
papain should not be used in the presence of catgut suture material, for 
fear of a solution of the abdominal repair with a resulting disruption 
Silk has therefore been employed for the repair in all 


of the wound. 
One death occurred, 


eases but three, and no disruptions developed. 
however, which we attribute to faulty judgment in combining the use 


of papain with a jejunostomy. 

The patient in question was admitted to the hospital with symptoms 
of chronic ileus. At operation a moderate number of adhesions were 
divided, a liter of papain instilled in the peritoneal cavity, and in clos- 
ing the abdomen, a ventral hernia was repaired. Two wecks later, the 
persistence of obstructive symptoms necessitated a second laparotomy. 
‘*strikingly 





At this operation the peritoneal cavity was reported to be 
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free from adhesions’’ except in two places where adhesions which had 
been overlooked at the first operation were found. Division of adhe- 
sions and the instillation of another liter of papain were again done, 
and in addition a jejunostomy was performed. Two weeks later the 
patient died from inanition and a low-grade peritonitis. At necropsy 
the loops of gut in the peritoneal cavity were everywhere adherent to 
one another by a sticky fibrinous exudate; there were a few old adhe- 
sions, but there were no large collections of pus to be seen at any point. 

The significance of this case lies in the fact that papain should prob- 
ably not have been used at the second operation when a jejunostomy 
was indicated. We believe that the use of this drug is contraindicated 
in procedures involving enterostomy, for its fibrin-dissolving action may 
prevent the formation of protective adhesions about the enterostomy 
site and thus predispose to peritoneal infection secondary to leakage 
or contamination, 

Among the eases here reported, there has been only one late mortality. 
This was apparently due to pulmonary tuberculosis and occurred seven- 
teen months after operation in a ease in which papain was not used. 
As far as is known, there were no further obstructive symptoms after 


operation. Unfortunately, an autopsy was not obtained. 







RESULTS 


We realize that symptoms from old adhesions, particularly from single 
bands, may occur many years after the probable date of their forma- 
tion so that our results may be better than they will be at a later date. 
On the other hand, this may be offset in some cases by the well-known 
progressive absorption of adhesions. 

In the papain group, excellent clinical results were obtained in 22 
instances (64.9 per cent), and good results in 4 (11.7 per cent); in 
the ‘‘no papain’’ series, the results were classified as excellent in 23 
eases (60.5 per cent), and as good in 10 (26.8 per cent). Satisfactory 
results, therefore, were obtained in 76.6 per cent of our papain eases 
and in 86.8 per cent of our control series. The results in 4 (11.7 per 
cent) of the papain group were termed fair, and in 4 other cases poor 
(11.7 per cent). In the control series, one case (2.6 per cent) was 
classed as fair, and 4 (10.6 per cent) as poor. 


TABLE VI 


RESULTS 


10. OF >AP N NO. OF CONTROL 
a PER CENT Pins ggy PER CENT 





~ Exeellent ca 6449 23 60.5 
Good 4 ier 10 26.3 
Fair 4 hed ] 2.6 
Poor 4 17 4 10.6 




















SURGERY 





REOPERATED 





UPON 





CASES 





There were six patients in the combined series who came to subse- 
quent operation. Four of these received papain at their initial opera- 
tions. In two of the latter, the adhesions at the first operation were so 
extensive that it was impossible to free them all. At reoperation no 
re-formation of adhesions was apparent and the recurrence of symptoms 
was thought to be due to adhesions left undivided at the original opera- 
tion. Consequently the results in these two eases are inconclusive. One 
case receiving papain at the initial operation was said to be ‘‘extraor- 
dinarily free of adhesions’? when reoperated upon later for a recur- 
rence of symptoms. The fourth case in which papain was originally 
used also presented very few adhesions at reoperation. It appeared 
doubtful at the time, however, whether the adhesions had ever been 
responsible for the patient’s symptoms in the first place. No definite 
conclusions, therefore, can be drawn from this ease either. 

Of the two cases receiving no papain at initial operation and later 
undergoing another laparotomy, there was a definite re-formation of 
adhesions in one. In the other, it was felt that the recurrence of ob- 
structive symptoms was in all probability due to adhesions left behind 
at the first operation ; apparently there had been little, if any, re-forma- 
tion of adhesions. 
COMMENT 


It will have been noted that in general more satisfactory results were 
obtained in our ‘‘no papain’’ group than in our group in which this 
drug was employed, 86.8 per cent of the results in the former being 
classified as excellent or good as opposed to 76.6 per cent in the latter. 
This is of particular interest when we consider that Ochsner and Storek 
reported 88.8 per cent satisfactory results in their cases, in all of 
which papain was used. 

Accounting for discrepancies in results either individually or col- 
lectively in cases of peritoneal adhesions is almost impossible, except 
in the broadest of generalities. Our figures would tend to indicate, 
however, that the adhesions in our papain group were somewhat more 
extensive than in our control group, 69.7 per cent of the adhesions in 
the former group being classified as moderate, or as many or massive, 
to 55.2 per cent in the latter. On the other hand, if we compare these 
figures with those given by Ochsner and Storck who reported the pres- 
ence of extensive adhesions in 75 per cent of their cases, it would ap- 
pear that the adhesions in their cases were in general more extensive 
than in ours. This makes it all the more difficult to reconcile their 
percentage of satisfactory results with papain (88.8) with ours (76.6), 
particularly when we consider that our results without papain (86.8 
per cent satisfactory) closely approximate theirs in which the drug 
was used. 
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SUMMARY 


Seventy-two cases are reported upon which division of peritoneal ad- 
hesions was performed during a recent four-year period. In thirty-four 
of these papain was used in an attempt to prevent the re-formation of 
adhesions. In thirty-eight, papain was omitted. The cases, essentially 
similar in nature and operated upon by the same group of surgeons, 
are collectively analyzed from the standpoints of sex and age. Dividing 
them into ‘‘papain”’ and ‘‘no papain”’ groups, they are further analyzed 
with respect to the number and types of previous operations, extent 
of adhesions, follow-up untoward sequelae, and subsequent clinical 
results. In addition, the findings in six cases which came to reoperation 
are discussed. 

We have purposely followed fairly closely the outline adhered to in 
Ochsner and Storck’s recent report on this same subject, in order that 


the results set forth in the two papers may be the more easily compared. 


CONCLUSION 


While our figures do not indicate an appreciable improvement of 
follow-up results in the series in which papain was used, as compared 
with the series in which no papain was employed, we realize, as has 
been pointed out by Ochsner and Storek, that a long period of observa- 
tion on a very large group of cases will be necessary before any definite 
conclusions concerning the efficacy of papain can be reached. We feel, 
in addition, that in reviewing this difficult group of cases the inclusion 
of a control series is essential to the proper evaluation of results. 
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BRANCHIOGENIC CYSTS IN INFANCY i 

WituiAmM C. Beck, M.D., Cuicaco, Inn. 

(From the Department of Surgery, University of Illinois; the St. Joseph’s and : 
St. Vincent’s Orphan Hospitals) * 

RANCHIOGENIC eysts are congenital anomalies, which are of in- 
terest and importance both from the clinical and embryologie 
standpoint. They may disturb some of the normal functions of the - 
body, and occasionally they are of potential danger to the life of the 
patient. They are often minute in size and do not become evident i 
until the later years of childhood, or they may even escape notice : 
entirely until they undergo malignant changes. Their care in infancy, i 
when they do become manifest, demands the specialized care which ; 
is required by a patient whose tissues are delicate and in a state of d 
a 





development. 

To Hunezowski, in 1789, and Dzondi, in 1829, are credited the first 
descriptions of the lesion, but the embryologic significance was first 
recognized by Ascherson. Many authors since that time, however, 









have waged a scientific battle regarding the origin of the eysts. Promi- 
nent among the contributors to this question are His, Koelliker, Born, 
Kostanecki, Mileky, Piersol, von Lissner, and Wenglowski. No at- 
tempt will be made to review these theories, except to state that the 
theory of Wenglowski appears to have found the most widespread 
acceptance among modern authors. He contends that the cysts are 
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dilatations of the persistent thymic duet, which arises from the third 3 
branchial cleft and descends toward the back of the sternum. : 

Clinicaliy three types of branchiogenic cysts or fistulas must be dif- ' 
ferentiated: the complete type, which has both an external and an : 
internal opening; the incomplete internal, which has only an opening : 
into the pharynx; and the incomplete external, which has only an ; 
opening on the skin. The last of these is the one which is most fre- { 
quently diagnosed, because the internal opening is often very small ‘ 







and difficult to locate. 
The symptoms produced during infancy are of three types. The 
most significant of these is deformity. There is usually a soft, globu- 






lar swelling, just anterior to the sternocleidomastoid muscle. If un- 
complicated, the swelling will not be tender, but will fluctuate beneath 
the examining fingers. Only rarely will it be tense and firm. The 







overlying skin will often display a minute red dot, which may escape 
all but the most painstaking inspection. At other times, the external 
orifice will be widely patent, with a moist surrounding skin, and a 
thin brittle crust over it. The external orifice can sometimes be located 
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by gently moving the skin overlying the mass, and noting the point 
of attachment. The cyst should never be squeezed to find a suspected 
point of external opening. 

The swelling may, in rare cases, lie behind the sternocleidomastoid 
muscle, but then other causes of neck swelling should be considered first. 

When pressure symptoms are present, they usually take the form of 
a respiratory embarrassment. Recently, we observed a child aged six 
months with a large cyst in the right anterior triangle. The child had 
repeated attacks of severe cyanosis, stridulous breathing, and dyspnea. 
The attack had been relieved on several occasions by deep pressure on 
the cyst with the discharge of mucoid material from the external 
orifice. The attacks were precipitated by mild upper respiratory in- 
fections in which the mucous membrane of the pharynx evidently be- 
came swollen, blocking the internal opening, and causing the cyst to 
‘apidly increase in size. 

The most common complication is infection. The cyst becomes in- 
fected during an upper respiratory infection by direct continuity with 
the pharynx. When this occurs, the presenting lesion is an abscess in 
the anterior triangle of the neck. The neck is swollen, and the over- 
lying skin is hot and usually of a violaceous color. The tumor is 
exquisitely tender, and the general constitutional symptoms attending 
an abscess will be present. The infection is rarely virulent, and a 
certain amount of conservatism may, therefore, be used in its treat- 
ment. If the abscess is widely incised, it will continue to drain over 
a long period of time, suggesting a tuberculous lesion to the clinician. 
All cireumscribed abscesses of the anterior triangle of the neck in 
which broken-down lymph glands are excluded should, therefore, be 
viewed with a certain amount of suspicion of their being infected 
branchiogenic cysts. 

As a rule, diagnosis is not difficult. In the complete, uncomplicated 
type, it may be confirmed by injection of a bland, colored solution, 
which will make its appearance at the internal ostium. Roentgenologic 
examination can be of great help. This is accomplished by the injec- 
tion of a radiopaque substance into the cyst. lodized oil, one of the 
many urographic solutions, or bismuth paste may be used. The latter 
has the advantage of economy, but should only be used if surgical 
intervention is imminent. The removal of the paste is, however, dif- 
ficult. One must be careful not to squeeze the cyst, since then the 
injected material may be forced through the internal opening and be 
aspirated. 

The lesions which may be confused with a branchiogenic cyst in the 
infant are few and easily differentiated. The greatest difficulty may 
be found in the so-called cystic hygromata. These lymphoid cysts are, 
however, usually situated in the posterior triangle of the neck, and 
have neither internal nor external openings. Tuberculous and other 
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lymphadenopathies, aberrant thyroid glands, and angiomata and blood 


eysts will cause the clinician but little difficulty. Dermoid cysts and 
tumors of the carotid body will usually be readily ruled out. An 
aneurysm can be recognized by its expansile pulsation. Rare lesions 
may be found in this region, such as the so-called multilocular bran- 
chiogenous cyst and Berger’s polyeystie tumors of the parathyroid 
elands. 

Treatment is dependent on the condition of the local lesion, the age 
of the patient, and the urgency of therapy. If the cyst is infected, 
conservatism should be the keynote wherever possible. The infections 




















a: 
Fig. 1.—Typical deformity of a branchiogenic cyst in an infant aged sixteen 
months. A, Front view; B, lateral view. (Note discoloration due to skin changes 
from a recent infection.) 


are, as has been previously mentioned, usually of low virulence and 
eause but little systemic reaction. Hot moist dressings should be 
liberally applied and frequently renewed. These should be alternated 
with dry heat or aleohol-glycerine dressings to avoid maceration of 
the skin. In the application of these dressings, a word of caution 
must be interjected. <A circular bandage around the neck should be 
avoided, as it may embarrass respiration. Should the infection be 
virulent, or spreading, the abscess must be incised widely enough to 
permit adequate drainage. As a rule, however, incision will not be 
necessary, and aspiration will suffice. This should be done with a 
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needle of fairly large caliber, and, if possible, through the external 
opening of the tract. Aspiration may be supplemented by irrigation, 
with a sterile isotonic salt solution. This is accomplished by first 



































Fig. 2.—X-ray films taken with the branchiogenic cyst filled with a radfopaque 
medium. A, Anteroposterior view; B, lateral view. 


aspirating as much of the infected material as possible, and then 
ently instilling a small amount, two to five cubic centimeters of the 


ge 
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saline solution, and again withdrawing it. The entire aspiration or 
irrigating procedure should be practiced as infrequently as possible, 
to avoid the introduction of new contaminating organisms. 

Such a regime usually will convert an infected cyst into the uncom- 
plicated variety. The infection, in fact, may completely destroy the 


lining of the cyst and so effect a cure. Incision of the cyst almost 


invariably, however, introduces new infection and results in a badly 


searred, draining fistula which is difficult to repair. In this type, 


repair should be delayed for a period of a month or more to insure 














Fig. 3.—Operative specimen of a bilateral branchiogenic cyst removed from an infant 
aged eighteen months. 

the absence of active infection. Bacterial counts may be of help in 

determining the progress of the treatment. 

The simple cyst in the very small infant is technically somewhat 
difficult to remove, because the neck is very short and the anatomic 
structures are minute. The careful dissection necessary to separate the 
delicate structures in the infant is difficult. Therefore, unless the cyst 
is causing respiratory embarrassment, or becoming repeatedly infected, 
it is wise to postpone treatment until the infant has reached the age of 
one year, or, better yet, eighteen months. If the treatment is required 
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before that time, and the cyst has not been infected for at least six 
months, the injection of the cyst with an irritant material may be 
considered. 

The injection of branchial cysts is probably an outgrowth of the 
similar form of treatment in brain cysts and in hydrocele. It has been 
favorably reported upon by several authors. Cutler and Zollinger 
report very favorable results with a modification of Zenker’s solution, 
while others have used a variety of media. The injection is done 


ia 


Fig. 4.—Drawing to illustrate anatomic location of the various congenital lesions 
about the head and neck (after Bland-Sutton in Kirmisson, Lehrbuch der Chirurgie 
Krankheiten Angeborenen Ursprungs). 

I, If, III, and IV represent sites of branchial clefts; A F, site of congenital 
ear fistulas; C F, stoma of median neck fistula; M F, intermandibular fissure; O F, 
orbital fissure; H H, harelip. 


after the skin surrounding the site of injection has been adequately 
protected from the corrosive action of the material to be injected. This 
can be accomplished by several coats of either 10 per cent tannic acid, 
or the compound tincture of benzoin. We favor the latter, since it 
forms a splendid protective coating without itself affecting the under- 
lying skin. The tract should not be distended too greatly by the 
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irritating medium, as this may occasion leakage into the pharynx. It 
is best to inject a rather small amount and to cover the entire area 
with a thick piece of gauze which has been generously coated with zine 
oxide ointment, and fasten this in place with elastic adhesive. This 
pressure pad will produce collapse of the cyst. 

The injection of the cysts should not be considered too lightly, since 
in an occasional case, a marked inflammatory reaction may be seen, 
and even a necrosis may occur. Leakage into the pharynx is also a 
complication which must be borne in mind. 

The treatment of choice is the surgical extirpation of the entire 
tract. This can be carried out without too great difficulty, after the 
first year of life, when the infant is well able to stand a general anes- 
thetic. The anesthesia of choice is open ether, which affords the 
greatest margin of safety and the maximum of flexibility in the infant. 

The anatomic course of the tract must be carefully considered in 
planning the mode of the attack. From the fossa of Rosenmueller 
where the internal ostium is situated, the tract passes beneath the angle 
of the mandible and then outward and downward beneath the midpor- 
tion of the posterior belly of the digastric muscle. It then passes below 
the facial and above the glossopharyngeal nerves to come into intimate 
relationship with the carotid artery and internal jugular vein. Senn 
has stressed this relationship as being of signal importance in the sur- 
gical attack. McNealy states that the level of the external opening 
is determined by the level of the constriction of the bony opening of 
the chest. As the tract is in relationship to the carotid artery, it 
also is in relation to the vagus nerve and its recurrent branch. It is 
evident that an incision should be planned to give good exposure at 
the most difficult part of the dissection, where the tract crosses the 
creat vessels. 

The commonly employed incisions are either planned to follow the 
tract and course along the anterior border of the sternocleidomastoid 
muscle, or are stepladder incisions as suggested by Hamilton Baily. 
His incision is made transversely at the level of the external ostium, 
and a second incision placed at the level of the bifurcation of the 
earotid artery. Both of these incisions follow the natural creases in 
the skin and give excellent exposure of the tract. In our opinion, a 
eollar incision similar to that used for thyroidectomy gives both ex- 
cellent exposure and the most ideal cosmetic result. In the somewhat 
rare bilateral cases, the incision is exactly similar to the collar thyroid 
incision, while in the unilateral cases the incision is not carried quite 
so far on the normal side. The incision is marked out by moving a 
piece of catgut on the skin at the lower portion of the neck. A hemo- 
stat is placed on the external ostium, and it is circumcised. The flap 
is then raised, the hemostat marking the external extremity of the 
tract. If the external ostium is large or gaping, which will only occur 
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if an infected cyst has been widely incised, a purse-string suture may 

: be used to close it. The flap should consist of skin, subcutaneous tis- 

: sue, and platysma muscle. 

a The tract can be injected before the operation with either a colored 

solution or with bismuth paste. This is, however, rarely necessary, 

as the tract is not a branching one. 

: The care of the small internal segment above the level of the 

digastric muscle has received special attention by many authors. Von 

Hacker suggests the insertion of a probe into the tract and then fixing 
the tract to the probe by a ligature. The probe is then pulled through 
into the oral cavity thus inverting the tract. Koenig suggests the 
reimplantation of the tract into the pharynx, thus forming a minute 
oral-pharyngeal fistula. Both of these procedures are almost out of 
question in the infant. An attempt may be made to follow the Von 
Hacker procedure using a straight intestinal needle instead of the 
probe. We have, however, found it sufficient to dissect the tract 
almost to the pharynx, and then close it with a transfixion suture of 
five 0 catgut. The suture is left threaded on a fine, full-curved needle, 
and this is passed through the pharyngeal submucous tissue. This 
leaves the patient with a very small pharyngeal diverticulum, which, how- 
ever, lies entirely in the submucous tissue. Thus, should a diverticulitis 
ever arise, it can be easily incised in the manner of a peritonsillar 
abscess and will not spread into the tissues of the neck. 



















At the closure of the wound, drainage is nearly always necessary. 
There is often some residual infection, and a dead space, left by the 
removal of the cystic mass, can rarely be completely obliterated. The 
drains can be removed in twenty-four hours. 

In the postoperative care, the greatest difficulty will be encountered 
in keeping the infant from soiling the wound with saliva. This is best 
done by the use of silver foil directly over the wound. This is then 
covered by dressing material into which some waterproof material, 
such as oil silk, has been incorporated. To the drains are attached 
silk sutures so that they may be removed without disturbing the 
dressing. The wound is then not touched for seven days unless there 
are special indications. 















SUMMARY AND CONCLUSIONS 








1. Branchiogenie cysts in infaney constitute a different problem from 
the therapeutic standpoint than the similar lesions in the adult. 

2. The most common complication of branchiogenic¢ cysts is infection. 
This should be treated as conservatively as possible. 

3. In infants under twelve to eighteen months of age, the injection 
treatment may be used. Precautions have been enumerated. 

4. The operative treatment is the therapeutic measure of choice. The 
manner of the incision and the care of the proximal segment of the 
tract have been described in detail. 


Editorials 








The Prevention and Arrest of Hemorrhage Following 
Gastroenterostomy 


T HAS become recognized quite generally that a continuous, inverting, 

through-and-through suture of the Connell type has three important 
disadvantages when used in gastrie and intestinal surgery. In the first 
piace, it tends to produce a considerable diaphragm across the stoma, 
which, although temporary, is undesirable, especially in end-to-end 
anastomosis of the small intestine. Second, anyone who has used the 
stitch on laboratory animals and has observed the appearance of the 
suture line from within the bowel immediately after operating, and also 
during the various stages of healing up to two weeks, will have noted 
the ragged and irregular initial ridge, the small areas of ulceration 
where the mucous membrane is not accurately opposed, and the conse- 
quent delay of healing. The appearance and the reparative process, 
as observed from without, are perfect; from within, both leave much 
to be desired. Whether or not the slight searring which results from 
the small temporary ulcerations is of importance may be questioned, 
but still, any additional fibrosis seems undesirable and unnecessary. 

The third, and most important, objection to the Connell type of 
suture is that it does not insure adequate hemostasis. This is true 
particularly in gastroenterostomy, where bowel walls of unequal con- 
sistence, thickness, and vascularity are opposed. If the method with 
clamps is used, there is great danger of postoperative bleeding if a 
Connell stitch is inserted anteriorly. This danger is decreased if care 
is taken to ligate, individually, all vessels on the gastric side and the 
larger vessels on the jejunal side, loosening the clamps to observe for 
bleeding before the lumen is closed. Still, there is an uncompressed 
area between adjacent loops of the stitch from which bleeding will 
occur if a vessel has been missed. Vessels which have not bled at the 
time of operation may begin to bleed and continue to do so with eleva- 
tion of the blood pressure after operation. 

The subject of the Connell suture was brought to mind by two recent 
articles on gastroenterostomy” * in which no point was made of the 
disadvantages of the suture under discussion. 

My two personal experiences with hemorrhage from gastroenteros- 
tomies occurred ten years ago. Since that time I have avoided the 
Connell suture for the most part and have substituted an over-and- 
over continuous chromic catgut stitch including all layers. In my two 
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cases, the gastroenterostomies were for chronic duodenal ulcer. Clamps 
and a continuous chromie eatgut Connell suture anteriorly were used. 
The larger gastric vessels were divided between mosquito foreeps and 
ligated with fine chromic catgut before the stomach was opened. In 
each case, after loosening the clamps and just before the Connell 


suture was placed, two or three of the vessels on the jejunal side were 
tied. Within the first hour after operation, while recovering from 
ether, both of these patients vomited enough bright red blood to indicate 
progressive, dangerous hemorrhage. In both, I reopened the abdomen, 


made a short linear incision in the anterior wall of the stomach, as- 
pirated the bloody gastric contents, and picked up the two sides of the 
stoma, from inside the stomach, with Allis forceps. In the first of the 
two patients, there was a small artery pumping blood from the middle 
of the Connell suture. <A figure-of-eight stitch stopped it. In the 
second patient, there was a steady ooze from the stoma, mostly from 
the side of the Connell stitch. This time, a continuous through-and- 
through fine chromic catgut suture was placed entirely around the 
opening. Both patients recovered. 

Although most surgeons have discarded the continuous inverting 
suture for gastroenterostomy, not much has peen written about its 
disadvantages, and I have never seen the trarsgastrie approach for 
the control of hemorrhage described. The complication in its severe 
form should no longer occur, but the simple and certain transgastric 
route, obviating, as it does, a shocking and more difficult direct attack 
on the stoma from the outside, may prove valuable to anyone faced 
with the necessity of saving such a patient. 

—Clarence E. Bird, M.D. 
Louisville, Ky. 


REFERENCES 


1. Somervell, T. H., and Orr, I. M.: Some Contributions to the Causation, 
-athology, and Treatment of Duodenal Ulcer and Its Complications, Brit. 
J. Surg. 24: 227-245, 1936. 

2. Glenn, Frank: Gastroenterostomy, Surg., Gynec. & Obst. 63: 751-755, 1936. 











Selective Thoracoplasty 


PERATIONS on the chest wall to produce permanent collapse of 

the underlying tuberculous lung have been performed for more 
than twenty-five years. During this time great advances have been made 
both in regard to the more effective control of the disease and to a lower- 
ing of the operative mortality. Particularly interesting and natural has 
been the development of a more truly selective type of thoracoplasty, 
paralleling in principle the evolution of the modern operation for tri- 
veminal neuralgia, from extirpation of the gasserian ganglion to subtotal 
resection of the sensory root. 

Some twenty-five vears ago when the operation of thoracoplasty was 
first being used in the treatment of pulmonary tuberculosis, there was 
discussion by Wilms, Sauerbruch, and Friedrich in regard to the ex- 
tent to which the costal resection should be carried. For a short period 
of time it was agreed among these pioneers that the extent of the rib 
resection could be limited to the area overlying the diseased part of the 
lung. Soon, however, due to bad results attributed to aspiration by the 
normal part of the lung of infected secretions from the collapsed part, 
Sauerbruch urged and practiced complete thoracoplasty in practically 
all cases. He emphasized the need for collapse of the lower and more 
normal portions first to prevent this aspiration; and he completed the 
thoracoplasty in one or two stages. He furthermore believed that com- 
plete rest for the entire lung was important even though all parts were 
not diseased. As he taught and practiced, so also did most of the 
thoracic surgeons of that period. 

For the next fifteen years, the custom of performing a complete pos- 
terior thoracoplasty in all cases was quite universally followed. Then 
a swing back to the earlier idea of limited thoracoplasty became in- 
creasingly marked. There were changes in technic allowing a greater 
local collapse by resection of longer segments of ribs, or by adding 
extrapleural packing to the rib resection. As more and more cases were 
thus treated and the results proved to be good, the complete operation 
came to be reserved for special cases. 

Thoracoplasty has quite naturally followed the lead of pneumothorax 
therapy in its development and has followed a course closely paralleling 
that of the latter. When artificial pneumothorax was first practiced 
in the 1880’s, a complete collapse of the affected lung was commonly 
attempted. As it became apparent that the diseased part of the lung 
could be selectively collapsed and the disease controlled, this method 
became standard. Furthermore, by this limitation of the collapse to a 
part of a lung, it became possible to apply this treatment to eases in 
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which parts of both lungs were involved. This great advance in pneu- 
mothorax therapy was followed some years later by the application of 
the same principle in using bilateral partial thoracoplasty. Today the 
mere fact that tuberculosis is present in both lungs does not preclude 
the possibility of collapse therapy. 

During the last few years, other modifications of the technie of thora- 
coplasty have been developed in order that greater local collapse might 
be obtained without handicapping the good part of the lung. The addi- 
tion of chondral resection, or hinging, to the complete resection of the 
upper ribs produces a marked degree of local collapse. The reseetion 
ot the lower end of the scapula to allow it to fall in over the collapsed 
lung without extending the rib resection below the fifth or the sixth 
rib is another step in the direction of preserving normal lung tissue 
while securing adequate collapse of the diseased part. But of all the 
modifications that have been described, it seems that the operation per- 
fected by Semb represents the greatest advance. In this procedure, 
ealled ‘‘thoracoplasty with extrafascial apicolysis,’’ large cavities in 
the upper part of the lung may be completely collapsed without. re- 
course to extensive anterolateral resections or total thoracoplasties; and 
in eases with small apical cavities, complete closure frequently follows 
the first-stage operation. 

This operation of Semb’s differs from others previously deseribed in 
that following an extensive resection of the upper ribs, the apex of the 
lung with its overlying pleura, intercostal structures, and costal peri- 
osteum is completely mobilized. This is accomplished in several steps. 
First, the secalene muscles are divided well above the first rib. Then, 
the costal periosteum and intercostal structures are cut across near their 
connections with the vertebral column and with the sternum in the re- 
gion of the first chondrosternal junction. Finally, the bands of fibrous 
tissue running up from the endothoracic fascia covering the apex of the 
lung to the vertebral column and to the fascia about the brachial plexus 
and subelavian vessels are isolated and divided. Only loose areolar tissue 
remains to hold up the apex after this, and following its separation, the 
apex lies free. The upper lobe is thus allowed to collapse in a vertical 
direction as well as medially. The subsequent extent of the collapse will 
be determined by the amount of further rib resection. This may be 
limited to an apical thoracoplasty or may be extended to a complete 
thoracoplasty. Having once freed the apex of the lung and _ resected 
the overlying ribs, the way has been cleared for a true concentric col- 
lapse of the underlying pulmonary tissue. 

The operative mortality in the reported series has been very low 
when the extent of the rib resection has been limited to six ribs or less 
at one stage (3 per cent of seventy-seven patients). In a number of 
clinies in this country, the mortality rate with the usual form of thora- 
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eoplasty has been no higher than this, and lower in some instances. 
This point is, therefore, in itself no reason for adopting this teehnie. 
However, when one considers the success obtained in cavity closure, it 
is seen that in a series of 133 patients the cavity was closed in more than 


90 per cent; and in another series of eleven patients whose cavities had 


resisted closure by the usual methods, ten had been closed by the new 
technic. It is in this important field, the treatment of the elusive cavity, 
that this operation has been of the greatest value. 

Although there have been as yet no reports on the use of this opera- 
tion in this country, a number of thoracic surgeons here have been per- 
forming the operation since its description was published in 1935. Their 
results have closely paralleled those of Semb, and their endorsement 
of the principles involved has been enthusiastic. Complications have 
been few when the careful and painstaking technic of Semb has been 
followed. However, the operation carries with it considerably more 
risk than the ordinary form of thoracoplasty, and if not carried out with 
meticulous attention to sharp dissection and hemostasis, the results may 
be disastrous. But this need for a more time-consuming and exacting 
technic is more than compensated for by the results obtained. By this 
operation we can achieve the closest approach yet made possible to the 
truly selective collapse of the diseased lung. 

—Richard H. Meade, Jr., M.D. 
Philadelphia, Pa. 
REFERENCE 
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ADVANCES IN ROENTGEN DIAGNOSIS 


Leo G. RicguerR, M.D., MINNEAPOLIS, MINN. 


(From the Department of Radiology, University of Minnesota) 


Part II* 
ADVANCES IN DIAGNOSTIC METHODS AND DIAGNOSTIC CRITERIA 


HE APPLICATION of new methods of procedure, such as kymog- 

raphy, to roentgen diagnosis represents one of the distinct advances 
of the past few years. Of particular interest to surgeons is the appli- 
eation of this method to the diagnosis of the surgical diseases of the 
lungs as reported by Cola and Lo Monaco*® and Torelli... The work of 
Seott and Moore®* and Hirsch*® must also be recorded in this regard, 
particularly with reference to the demonstration of pericardial lesions 
such as effusion and adhesions by this method. Likewise the application 
of planigraphy and tomography to roentgen diagnosis has been detailed 
to some extent by Chaoul and Greineder,*’? in the demonstration of lung 
abscess, and by Andrews." 

The development of roentgen diagnosis during the past decade has 
hinged largely about the use of contrast media of various types. While 
there have been no entirely new innovations in this field smee 1932, 
numerous changes have occurred in the use of the contrast substances 
which had already been described. The development of encephalography 
has proceeded apace, due in part to the contributions of Dyke and 
Davidoff,*?-** describing improvements in technie and, particularly, plae- 
ing the interpretation of encephalograms on a sounder basis by their 
description of the normal appearance of the various structures in the 
cranial cavity. The excellent reviews of the value of encephalography 
and ventriculography by Adson*® and by Pilcher and Wilson®® have 
added considerably to our knowledge. The criteria for the diagnosis of 
eysts of the Septum pellucidum are well described by Pendergrass and 
Hodes.°* Other improvements in the technie of encephalography®? and 
a procedure permitting clear visualization of the third and fourth ven- 
tricles have been reported by Dyes.°* The value of encephalography, 


in children particularly, has been well elucidated by Eley and Vogt.** 


*Part I of this paper appeared in the April issue of SURGERY. 
received for publication, March 1, 1937. 
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Distinct changes in the character of the contrast substances used have 
been reported particularly by Newman,’ who advocates the use of anes- 
thetic gases, such as ethylene. This may be helpful in relieving the un- 
toward symptoms produced by gases which absorb more slowly. Schoen- 
feld and Freeman,’* Freeman, Schoenfeld, and Moore,’ and Twining 
and Rowbotham®* have described the combined use of thorium dioxide 
sol (thorotrast) with air in ventriculography. While there is some 
doubt as to the safety of this procedure because of the possible imme- 
diate and late effects of thorotrast, the possibilities bear further study. 
There have been, in addition, numerous individual contributions to the 
interpretation of various abnormalities in the ventriculogram and the 
encephalogram. 

A new development first described by Egas Moniz°**' and since elu- 
cidated further by other authors*?* envisages the injection of thorotrast 
into the internal carotid artery to produce a visualization of the blood 
vessels of the brain. In this way, changes due to tumors or other de- 
formities may be clearly made out. This procedure has not won great 
favor in this country but appears to be without any great danger. It 
is somewhat difficult to do from a technical standpoint but may have 
further application as described by Loman and Myerson.“° 

In the interpretation of intracranial lesions, the work of Kopylov’* 
has added considerably, particularly to our understanding of the effects 
of hydrocephalus on the bony structure; and he believes that even with- 
out the use of contrast substances some evidence may be ascertained as 
to the localization of the obstruction in hydrocephalus. Great improve- 
ment in the understanding of the bony changes which occur from other 
intracranial lesions has occurred due to the contributions of Pancoast.** 
The importance of intracranial calcifications has been stressed by Low- 
Beer,®®? and the changes produced by tumors of the acoustic nerve are 
well deseribed by Ebenius.‘° The abnormalities produced by pituitary 
tumors and other tumors at the base of the skull have been elucidated 
by Mayer."! In a recent article Sosman,’? presents a general review 
of the value of the roentgenology of the skull in intracranial lesions, 
and he gives an excellent picture of the present situation. 

The effect of intrinsic lesions of the skull itself upon the roentgen 
picture is well described in papers on this subject by a number of 
authors. The recent contributions of Moore** “* add much to our knowl- 
edge of the metabolic craniopathies and of the significance of hyperos- 
tosis eranii. Geschickter*® has deseribed the changes occurring from 
primary tumors of the cranial bones themselves, and in a paper by 
Kasabach and Dyke*® some increased clarification of the subject of 
osteitis circumscripta and its roentgen appearance is afforded. Vanee** 
has described the roentgen appearance of the healing of skull fractures 
and the period of time which must elapse before evidence of union may 


be detected in the roentgenogram. 
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The use of iodized oil in the diagnosis of spinal cord tumors has con- 
tinued, but with some misgivings, on the part of those utilizing the 
method. It has been felt that the indiscriminate injection of iodized 
oil in the spinal canal may produce deleterious changes in the meninges.*” 
Nevertheless, when indicated, it is of great value and should be perhaps 
used in larger quantities than in the past. 

A rather new development in the roentgen diagnosis of spinal canal 
lesions is that which was preceded by the work of Mixter and Barr,** 
and others. They demonstrated that a rupture of the intervertebral 
discs might occur from trauma; from this may result an extrusion of 
the nucleus pulposus posteriorly and secondary compression of the nerve 


roots or of the spinal canal. Hampton and Robinson*? have demon- 
strated brilliantly the roentgen findings under these circumstances after 
the injection of 5 ¢.e. of lipiodol, roentgenograms being made in the 
posteroanterior projection, and Love and Camp*! have since confirmed 
their observations. A correct diagnosis of this condition can only be 
made in this manner. 

The bony changes which occur in the spinal canal secondary to lesions 
of the spinal cord, particularly tumors, have been well described by 
Camp, Adson, and Shugrue.** They find changes in the pedicles which 
are diagnostic in almost half the eases. A method of examination in 
which measurements are made between the pedicles of the spine to 
determine an increase in the size of the spinal canal as a result of 
tumors is advocated by Elsberg and Dyke‘? and no doubt is of consider- 
able value in certain cases provided the normal variation is taken into 
account. A general review of the value of a roentgen examination of 
tumors of the spinal canal in childhood is afforded by Hamby.** 

Increased knowledge of the presence of accessory processes and of 
congenital anomalies of the spine is presented in the papers of Farmer,*° 
Kvans,°° and Wagner.*' The roentgen manifestations of tuberculosis 
of the spine are well shown in the contribution of Doub and Badgley,** 
and the findings produced by osteomyelitis and nontubereulous infee- 
tions have been described by Sussman.** Congenital anomalies involving 
the lumbosacral joint and those associated with spondylolisthesis are 
brought out in the papers of Meyerding®’ and Ferguson.’' A new re- 
view of the subject of juvenile kyphosis by Scheuermann,*? who orig- 
inally deseribed this disease, has appeared, and he has clarified our 
conception of vertebral osteochondritis by correlating his research with 
the investigations of Sehmorl on the nucleus pulposus as reported by 


Junghanns.”*? Compere and Keyes’t have also added to our knowledge 


of the importance of the intervertebral dise and the effects of trauma and 


other diseases upon the roentgenographie appearance of the spine. 

A rather recent development in the use of contrast substances is in- 
volved in the work of Lohr and Jacobi,”’ who injected thorotrast into 
the nerve sheaths, describing the normal appearance and the changes 
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which result from injuries and other abnormalities. Saito’® has more 
recently outlined this procedure and indicated particularly the changes 
occurring from injury and tumor under such circumstances. This ap- 
pears to be a valuable procedure for the diagnosis of lesions of the pe- 
ripheral nerves. 

Further utilization of contrast substances may be noted in the work 
on direct arteriography and veinography in which contrast substances 
of various types are injected into the blood vessels. At the present 
time, the most commonly used contrast substance is thorotrast, although 
some authors prefer diodrast or neoiopax, while frequently sodium 
iodide itself is used. Numerous contributions in this field have been 
reported. Valuable information as to the application and technic of 
this procedure in the study of the arteries is afforded in papers by 
Pearse and Warren,”’ Allen and Camp,’* and Veal and McFetridge,** 
while Wohlleben'’’ and Barber and Orley!"' detail the diagnostie pos- 
sibilities of injection of the veins. 

Although first described in 1929 by Radt,'’? the development of the use 
of thorium dioxide sol (thorotrast) for the diagnosis of the diseases of 
the liver and spleen has been rather slow, due largely to the fears which 
failure of excretion of this slightly radioactive material has engendered. 
In spite of the rather pessimistic report of Stewart, Einhorn, and Ilick 
in 1932,'°° numerous papers have reported encouraging results with 
the use of this substanee.’"*"""S The utilization of this method for the 
determination of metastases in the liver and spleen has been par- 

109 


ticularly deseribed by Ericksen and Rigler'’? and by Hirsch and Mor- 


ton.""° The end-results have been studied by Rigler, Kouecky, and 
Abraham,'"' Naegeli and Lauche,''? Yater, Otell, and Hussey,'"? and 
others, but the final effect of this material is still somewhat in doubt, 
and conservatism must be exercised in its use. There is no doubt that 
accurate diagnoses as to metastases and other diseases of the liver 
may be made by the intravenous injection of thorotrast, but its use 
should still be restricted to serious ailments in elderly individuals. 

A relatively new roentgenographic procedure of great interest to 
surgeons is that designated as cholangiography, in which a roentgen 
opaque substance is injected into the common bile duct either through 
a needle during the operation, as described by Mirrizi,!™ or after oper- 
ation through a drainage tube which has been put into the common 
duct. The use of various opaque substances has been advocated, 
iodized oil being used by Ginzburg and Benjamin,'" diodrast and other 
iodine compounds by Robins and Hermanson,''® and Hicken, Best. and 
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Hunt.** Saralegui''® has found greater suecess with thorotrast. The 
ability to demonstrate occlusion of the common duct, stones. and other 
lesions, not only in the common duet itself but in the smaller bile duets, 


has been well demonstrated; this procedure is of great value in the 


demonstration of the condition of the biliary tract following operations 


on the gallbladder or even during the operative period. 
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The use of contrast substances in the diagnosis of diseases of the 
joints, while in no sense new, has received some further impetus 
through the studies of Bircher,'!? who advocates the use of air. Nagy 
and Polgar'*? have used uroselectan and other iodine compounds with 
considerable suceess, demonstrating lesions of the joints otherwise 


' has reviewed the 


not clearly visible in the roentgenogram. Keller! 
value of these various media in diagnosine joint diseases. More re- 
cently Simon, Hamilton, and Farrington'?? have advocated the use 
of air particularly for the diagnosis of injuries of the semilunar earti- 
lages which, in the ordinary roentgenogram, may give little or no find- 
ings. 

In the diagnosis of lesions of the salivary gland, considerable dif- 
ficulty has been encountered in the past. For this reason Barsky and 
Silverman'** and Payne'** advise the use of contrast substances, espe- 
cially lipiodol, injected directly into the salivary duets. Obstructions 
due to stones or other lesions, or ruptures of the duct may readily be 
demonstrated in this fashion. 

Improvement in the roentgen diagnosis of diseases of the lungs was 
greatly enhanced many years ago by the introduction of bronchog- 
raphy, the examination of the bronchi with the use of contrast sub- 
stances, particularly lipiodol. Changes in the methods of introduction 
of this material have taken place to some extent and the utilization 
of this method in the diagnosis of carcinoma of the lung, a vitally 
important subject in this present day, has been reported particularly 
by Greenbaum’? and Farinas.'** 1°? The use of this method in the 
study of postoperative lung diseases and in bronchiectasis has been 
particularly brought out by Hedblom and van Hazel.'?* 

Roentgen studies on the diagnosis of carcinoma of the lung have 
been very numerous in the past five years. Outstanding among these 
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Further details in 
1 


are the observations of Manges'®? and Kerley.'' 


diagnosis have been recently reported by Farrell,’*' especially as to 
the value of the roentgen observation of atelectasis, increased linear 
markings of the lunes, and other changes. A further report on the 
roentgen findings in pulmonary sulcus tumors by Pancoast'*? and a 
general description of the appearance of extrapulmonary tumors by 
Peiree’* must also be considered. A large number of papers have 


appeared detailing the roentgen findings in cystic disease of the lung, 


and a general review of this subject by Eloesser'** and Kirklin’®’ 


should be noted. Numerous contributions on the appearance of the 
lungs after rib resections and other operative procedures are of con- 
siderable importance; among others, the paper of Farrell'®® is illu- 
minating. Improvements in the diagnosis of various specifie diseases, 
such as the specific sign reported by Phemister, Steen, and Volder- 
auer'®’ for the diagnosis of dermoid cyst and the description of the 
appearance of infected hydatid cysts by Tillier,** are of some im- 
portance. Elucidation of the significance of the basal triangular 
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shadows frequently observed in children as being due to atelectasis 
and bronchiectasis has been afforded by the work of Anspach,'*® 
Warner and Graham,"*" and Richards.’ Further assistance in the 
localization of foreign bodies in the lungs is given by the paper of 
Manges.'**) While the roentgenologic findings in silicosis and _ silico- 
tuberculosis are well established, furthcr additions to our knowledge 
have been made by Pancoast and Pendergrass'** ' and Garland,'*” 
while the specific findings produced by asbestosis are described) by 
Shull.'*6 

The roentgenologie manifestations of diseases of the pleura have 
been described by a number of authors. The anatomic distribution of 
the interlobar fissures and the explanation of the roentgenologic pic- 
ture produced by diseases of these reflections of the pleura have been 
well deseribed by Levitin and Brunn.'** Evidences as to the mode 
of development of encapsulated interlobar effusions was reported by 
Rigler.'** A general description of the roentgenologic findings in 
diseases of the pleura can be found in the section on this subjeet by 
Liebmann.'*”) Newer methods of procedure in the roentgen examina- 
tion of the thorax, particularly for the demonstration of pleural ad- 
hesions, have been described by Haight and Peirce.’ The use of 
opaque substances in outlining the mediastinum as to its movements, 
normal appearance, and the effeet of abnormalities upon it have been 
described by von Pannewitz,'"' who injected uroselectan directly into 
the mediastinal space by needle puncture. This procedure, however, 
has not been generally adopted. 

The importance of the roentgen examination of the urinary tract has 
assumed greater and greater proportions in the past few years, par- 
ticularly with the full development of excretion urography. A gen- 
eral description of the uses of intravenous urography is found in the 
article by one of the original discoverers of the method.'*?) Other gen- 
eral descriptions of its application are reported in papers by Braasch,'”* 
Kornblum,'** and Dyes.’ The utilization of intravenous urography 
in children is well described in a paper by Campbell.’ Swick,’?" 
the originator of this remarkable improvement in the roentgen diag- 
nosis of urinary diseases, describes the general findings and also adds 
a new type of opaque substance which may be used by oral adminis- 
tration with a moderate degree of success, although the results are 
uncertain. The subcutaneous injection of neoskiodan has been advo- 
cated by Beer and Theodore,'*? who report some success with its use, 
particularly in children. Swick,"*’ in another paper, outlines the value 
of the various types of opaque substances which can be used and par- 
ticularly describes the usefulness of sodium orthohippurate. Other 
uses of excretion urography have been adequately brought out by 
Wesson,'®! and its particular utility in the diagnosis of traumatic lesions 
of the urinary tract is described by Coe.'*? The value of both intra- 
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venous and retrograde pyelography in the diagnosis of tuberculosis 
of the kidneys and upper urinary tract has also been studied.'** 14 

A classification of the tumors of the urinary tract has been made 
by Nichols,’’’ particularly with regard to their manifestations in the 
roentgenogram. The criteria for diagnosis of papilloma of the kid- 
ney pelvis are well described by Jansson." A method of procedure 
is again elaborated by Sutherland'* for the roentgenoscopy and roent- 
genography of the kidney at the operating table in order to eliminate 
the possibility of stones remaining in the kidney after a surgical 
procedure. 

Further investigation of the use of contrast substances in the lower 
urinary tract has been made by Miglardi,'** who describes a method 
of visualizing the urethra and the bladder by means of descending 
cystourethrography. The use of double contrast media, barium and 
air in the urinary bladder, has been advocated by Santockij,’°’ and 
Gillies and Kerr’ have described their method of using an opaque 
medium in the posterior urethra combined with air in the bladder. 
The injection of the seminal vesicles with lipiodol is again deseribed 
in some detail by Junghanns."! 

In the roentgen study of the gallbladder, the changes in technie out- 
lined above represent the more outstanding contributions. The study 
of what may be called choledochography by Kommerell'® brings out 
the fact that following a fat meal during the contraction phase of the 
gallbladder the common duct can be clearly visualized filled with the 
dye, and a study of this may be of considerable value. Anatomie 
variations in the appearance of the gallbladder have been well de- 
scribed by Gross,'** and the roentgen appearance of an anomaly of 
the fundus, the Phrygian cap gallbladder, has been clearly elucidated 
hy Boyden.** The roentgen findings in benign tumors of the gall- 
bladder, particularly papillomas and adenomas, have been described 
for the first time by Kirklin,’ who indicated certain specifie signs 
to identify such lesions. The importance of the demonstration of air 
in the biliary ducts by roentgenographic examination as a sign of 
internal biliary fistula is emphasized by Powers,'*® and other methods 


of demonstrating biliary duodenal fistula are again pointed out by 


Beutel." 

The roentgen study of the soft tissues of the neck received great 
impetus from the book on this subject by Hay.'** Further observa- 
tions on the roentgen study of the tissues of the neck have been made 
by Panecoast,'** particularly with reference to tumors of the pharynx, 
upper esophagus, and about the larynx. <A relatively new study of 
the esophagus has been made with the purpose of demonstrating 
varices which, prior to this time, have been considered practically 
invisible in the ordinary roentgenogram. Changes in technie have 
enabled excellent demonstration of varicosities as shown in papers by 
Beutel’®® and others.'*» **° 
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Considerable interest is still exhibited in the diagnosis of changes 
about the hiatus esophageus, as illustrated by the paper of Schatzki,!*’ 
who described the increased mobility of the stomach in this region. 
An extensive description of the anatomy and the roentgenologie find- 


1S4 


Su 


ings in hiatus hernia is afforded by Harrington'™ and also by Knothe!’ 
and Wagner.’ Recent observations by Manges and Clerf'*’ would 
seem to indicate that many of these paraesophageal hernias previously 
reported are really due to a congenitally short esophagus, and some 
confirmation of this theory is afforded by Dunhill.'** While there are 
undoubtedly certain cases in which the congenitally short esophagus 
is the cause of an apparent hernia, the vast majority of cases are no 
doubt due to increased intraabdominal pressure together with a weak- 
ened esophageal hiatus. 

There have been no outstanding contributions during this period to 
the roentgen diagnosis of diseases of the stomach, but there are a num- 
her of papers which are of considerable interest. The study of the 
mucosa of the stomach has continued with greater effort, and a deserip- 
tion of the anatomy and physiology of the mucosa by Forssell'*’ is 
of great value in elucidating its roentgen appearance. Dahm and 
Mayer'”’ have also pointed out the correlation between the anatomy 
and the roentgen findings. The series of articles by Cole and 
others'*''’* detailed their observations on the anatomy and pathology 
of the gastric mucosa and their relationship to the roentgenographic 
picture. Further additions to our knowledge of the physiology of the 
stomach and the effects of various procedures on its emptying have 
been afforded by the papers of Pendergrass, Ravdin, Johnston, and 
Hodes." '** The roentgen appearance of the operated stomach after 
various surgical procedures is well described by Niedermayr'’ and 
Held.’*’) The question of the malignancy or benignity of ulcers in the 
prepyloric region has been dealt with im considerable detail by 
Holmes,'*? who believes that practically all ulcers in antrum will 
eventually prove to be malignant; while Singleton'’* has described a 
number of cases in which definite ulcers in the prepyloric area have 
proved to be benign. While it is no doubt true that a preponderance 
of these lesions are malignant, no definite statement can be made 


purely on a basis of location. The frequency of benign tumors of the 


stomach and their malignant degeneration, together with the roentgen 
characteristics of such lesions, are described by Rigler and Ericksen.?”? 
The importance of the prolapsing lesions of the mucosa of the stomach 


200 


again was brought out in the paper of Pendergrass and Andrews. 

A lesion of the pyloric end of the stomach commonly mistaken for 
carcinoma, which had not been recognized to any great extent, roent- 
genologically, prior to 1932, was well described by Bernstein?’! and 


2 


again by Kirklin and Harris.*°? This is a hypertrophic stenosis of the 
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pylorus in adults which may be difficult to distinguish from a tumor 
but has certain clear-cut roentgenologie characteristics to indicate its 
benign character. 

Sarcoma of the stomach is not a rare condition, and the roentgen- 
ologie characteristics have been well described by Kessler?’* and also 
by Spitzenberger.°* The appearance which lymphomata of various 
types produce in the stomach and other portions of the gastrointestinal 
tract is well detailed by Holmes ;?"° and more recently Martin®°® has 
described the roentgen appearance of lymphogranulomata of the stom- 
ach itself. 

Much attention has been directed to the small intestines in recent 
years because of the realization that various diseases, particularly 
tumors, are amenable to roentgen examination if the technic is prop- 
erly carried out. Accordingly, a paper by Pansdorf?°* detailing the 
technic of study of the small intestine and its normal appearance is 
of considerable importance. The findings produced by ideopathie 
steatorrhea in the small intestine, the colon, as well as in the bones, 
were well described by Bennett, Hunter, and Vaughan in 1932.?°° 
Snell and Camp?’ have also detailed the roentgenologie and clinical 
findings in this condition, often called nontropical sprue. Typical dila- 
tations, irregularities, and peculiar distributions of the small intestinal 
loops may be found. The effect of inflammatory lesions in interfer- 
ing with the motor phenomena of the intestines and their roentgenologic 
appearance is well described by Cole and Pound.?’® The roentgeno- 
logic findings in ileus, particularly with regard to the importance of 
the demonstration of gas in the small bowel, are emphasized by 
Ochsner,?"! while the importance of the demonstration of fluid levels 
in the diagnosis of intestinal obstruction is brought out by Durst and 


9 


Utzschneider.?’? The danger of giving barium in ileus is well recog- 
nized and is emphasized in a paper by Prevot.?’* While most diver- 
ticula of the intestinal tract have been readily accessible to roentgen 
examination, it has been notably difficult in the past to diagnose a 
Meckel’s diverticulum roentgenologically. This, however, has been 
successfully done, as reported by Pfahler in 1934?" and Prevot in 
1936.21 

The roentgen diagnosis of tumors of the duodenum has been well 
described by Hraboszky*’® and a report of a series of cases of car- 
cinoma of the small intestine, with the roentgenologic manifestations, 
Careful attention to technic 


was made by Doub and Jones in 1936.7! 
will permit the diagnosis of small intestinal tumors in a high per- 
centage of cases. 

A description of a new disease syndrome, regional ileitis, by Crohn, 
Ginzburg, and Oppenheimer?!’ has led to the determination of the 
roentgenologie findings which are the most important means of diag- 
nosis in this unusual condition. Kantor?'® has described very well 
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the essential features of the roentgenologic examination of ileitis, and 
recently Sproull**’ has reviewed the subject again and indicated the 
important findings. 

Aside from the important changes in technic which were mentioned 
in Part I, the diagnosis of lesions of the colon has not been radically 
altered. A general review of roentgenologic features of carcinoma 

in 1933 and a paper on the appearance of 
the colon in the roentgenogram following infestation with ameba by 


Bell??? are outstandine contributions. Scehwartz22! has reviewed the 
entire subject of the present status of the x-ray diagnosis of diseases 
of the colon in comprehensive fashion in the past year. The charae- 
teristic roentgen findings in lymphogranuloma inguinale, a stricture 
of the rectum, were described by Bloom in 1934.2*4 

The roentgen diagnosis of diseases of the pancreas has never been 
of great moment, but a recent paper by 29 on this subject 
adds considerably to our understanding of the changes in the gastro- 
intestinal tract and in the abdomen produced by pancreatic disease. 
The importance of roentgen examination in the diagnosis of the more 
acute conditions of the abdomen is well brought out in a contribution 
by Stewart and Ilick,*** and the demonstration of gas in the peritoneal 
cavity following the rupture of a hollow viscus is clearly delineated 
by Finsterbusch and Gross.??* 

Further observations on the roentgen diagnosis of intussusception 


have been added by Hinstorff*** and by Ladd and Gross.?*? It is only 


possible to diagnose ileoceeal or ileocolic intussusception by the ba- 
rium enema method. 

In recent years, great attention has been centered on the elinieal 
syndrome produced by infection of the petrous portion of the tem- 
poral bone, associated with mastoiditis, and the value of the roentgen 
examination of this condition has heen well pointed out by Kopetzky 
and Almour.?*’) Geyman and Clark in 19327! demonstrated some of 
the roentgenologic findings, and more recently Taylor?* has elucidated 
the position in which films should be made to demonstrate the petrous 
apices and the characteristic changes which will occur when infection 
of this portion of the skull takes place. 

While the diseases of the bones associated with hyperplasia and 
tumors of the parathyroid gland were first described in 1926, the 
roentgenologic studies of these cases have been of more recent origin. 
Numerous papers have appeared showing the relationship of osteitis 
fibrosa cystica to disease of the parathyroid gland and indicating the 
characteristic roentgenologie findings, which one may see under these 
conditions. Among these contributions is the paper of Hunter and Turn- 
bull?** deseribing cases of this type with roentgen studies. While the 
studies of Ballin®** ?°° may he eriticized because of the possibility that 
many of his patients had hyperplasia of the parathyroid gland as a sec- 
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ondary phenomenon, nevertheless, his demonstration of the x-ray changes 
is of considerable value. Camp**° in 1932 reported ten cases with char- 
acteristie roentgenologic findings and elucidated very well the char- 
acteristic roentgen features. In a later paper, Elmslie, and others?* 
reported a very large number of cases of various types with character- 
istic findings. The importance of the roentgen demonstration of caleuli 
in the kidney in these cases was emphasized by Lahey and Hagegart ;*°* 
and in a paper by Moore and de Lorimier®*’ there is a general review 
of the roentgen appearance of the deossifieation which occurs from dis- 
ease of the parathyroid gland. <A recent review by Camp**’ of the 
various malacice diseases is very illuminating in this regard and helps 
to classify the roentgenologie findings which are characteristic of the 
various conditions producing osteoporosis. 

A suggestion for the use of thorotrast in the early diagnosis of osteo- 
myelitis was made by Sedgenidse and Solotuchin.**! They believe that 
it is possible to demonstrate very small traumatic or infectious lesions 
of the bone because of the tendeney for the reticuloendothelial cells to 
migrate to a point of disease. Injections, intravenously, of very small 
quantities of thorotrast revealed, within a short period of time, a c¢ol- 
lection of this material in the region of a bone lesion. While this work 
has not vet been confirmed, it presents an interesting possibility for the 
early diagnosis of osteomyelitis. 

Further observations of the diseases which are classified as osteochon- 
dritis have been made by Brailsford.24? The malacia of the semilunar 
bone, originally deseribed by Kienbock, has been again well reviewed 
by Gillies.24° Tumors of the bone have received relatively little attention 
during this period of time. The roentgen appearance as compared with 
the pathology in lymphoblastomata of the bones is described by Craver 
and Copeland,*** and the simulation which Hodgkin’s disease of bones 
may make to other malignancies was brought out in a more recent 
paper.**?) The roentgen findings in primary bone tumors of children, 
which present specific findings, are described by Goin and Carroll.?* 

Ghormley?** has reviewed well the comparison of the anatomic findings 
and the roentgenologic findings in a large group of joint diseases, par- 
ticularly with regard to tuberculosis. He points out the difficulty of 
diagnosing tuberculosis in the roentgenogram in view of the similar gross 
pathologic appearance which it may have to other types of joint dis- 
ease. A large series of cases of bone and joint tuberculosis are reported 


8 


by Birkelo and Jargynka,*** and the roentgenologie findings are again 


deseribed. Odessky?*® has brought out clearly the anatomic basis for the 


x-ray findings in so-called posttraumatic periarticular ossification of the 


knee joint (Koéhler-Pellegrini-Stieda’s disease). This has been of con- 
siderable interest in recent vears, and Odessky shows well the exact loea- 
tion of these shadows which are so striking. 
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A review of the value of roentgenology in gynecologic diseases, par- 
ticularly with regard to hysterosalpingography, is offered by Jarcho.?°° 
A new procedure for the roentgen diagnosis of placenta previa was first 
described by Ude and Urner.*?*! This method consists of injecting a small 
amount of opaque substance into the bladder and making roentgeno- 
grams of the pelvis. A marked separation between the head of the fetus 


and the superior surface of the bladder is evidence in favor of a placenta 
previa. With certain reservations, this method is highly successful in 


helping to make a diagnosis of this serious condition. 

The elinical findings in lead poisoning, not an uncommon incident of 
childhood, are described fully by Caffey,?°? together with the roentgeno- 
logic manifestations. The roentgen findings are also delineated by 
Vogt.2°* As pointed out in Part I, newer technical measures have per- 
mitted the study of the soft tissues to a much greater degree with the 
roentgen rays, and a summary of many of the findings which can be ob- 
tained in this way is afforded in a paper by Carty.?°* Gratz*’ suggests 
another procedure, that is, the injection of air into the fascial spaces for 
the purpose of demonstrating lesions of the muscles and soft tissues. 
This has been used to some extent, but its possibilities are still very 
doubtful. The roentgenologie diagnosis of gas in the soft tissues, par- 
ticularly that occurring with gas bacillus infection, is again deseribed 
by Rhinehart,?°* and he emphasizes the importance of the roentgen 
examination in the diagnosis of this condition. Further details as to the 
roentgen diagnosis of lesions of the breast are furnished by Lockwood.?** 
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HE American Association of Anatomists held its annual three-day session this 
year (March 25 to 27) under the aegis of the University of Toronto. In addi- 






tion to all-day sessions, a smoker was given on the first evening and a subscription 





dinner on the second. On the latter occasion the guests assembled to the strains of 






Scottish bagpipes and were welcomed by the Governor-General of Canada, the Chan- 





cellor of the University, and the distinguished Professor Emeritus of Anatomy, Dr. 






James Playfair Me Murrich. The association then listened to the scholarly address 
of its president, Professor Frederic T. Lewis, of the Harvard Medical School, on the 
subject, The Fundamentals of Cell Shape. 








As usual the sessions were well attended, some three hundred anatomists, out of a 






membership of about six hundred and fifty, being present. Altogether, sixty demon- 





strations (including numerous moving pictures) and one hundred and fifty-one papers 






were presented in the space of three days. Abstracts of these presentations may be 





found in the March issue of The Anatomical Record (67: No. 4, suppl. 3). 






A feature of this, as of the preceding session, was the holding of round-table dis- 
cussions during the mornings of the second and third days. These covered the fol- 
lowing subjects (the chairmen are indicated in parentheses): (1) Factors in Sperm 
Production (Professor Philip E. Smith, Columbia, University) ; (2) The Embryonic 
Heart (Professor Bradley M. Patten, University of Michigan); (3) Structure of 
the Teeth (Professor T. Wingate Todd, Western Reserve University) ; (4) Present- 
Day Trends of Investigation in the Field of Gross Anatomy (Professor Robert J. 
Terry, Washington University); (5) The Structure of the Neuron and Its Func- 
tional Significance (Professor David M. Rioch, Harvard University); and (6) 
Blood Capillaries (Professor E. V. Cowdry, Washington University). A summary 
of these discussions will be published in the April or May issue of The Anatomical 













Record. 







The hundred and fifty twelve-minute articles were divided among the following 
fields, approximately as follows: endocrinology (40), neurology (30), embryology 






(30), histology (30), and gross anatomy (20). Some idea of the congestion result- 






ing from so many presentations may be gained from the schedule of the second 






morning when six programs (three of a dozen twelve-minute papers each, and three 





of round-table discussions) were being carried on simultaneously. It is, therefore, 






impossible for any one person to summarize all the important papers. Accordingly, 





the following reviews are presented merely as samples of the programs presented 





at this meeting. 






From a surgical standpoint the moving picture demonstration of the successful 
transplantation of legs from one rat to another, by Justin V. Schwind, of the 
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Chicago Loyola University School of Medicine, was perhaps the most striking. The 
operation consisted of inserting a leg of the donor into a V-shaped incision in a leg 
of the host, following which the two animals were bound together until the trans- 
planted leg was vascularized. At the time of operation half of the sciatic nerve of 
the host was sutured to the sciatic nerve of the transplanted leg. Subsequently, 
pinching of the host’s leg resulted in reflex movements of the transplanted limb. 


Eventually the rat was able to comb its whiskers with the new leg. 


Somewhat in contradiction to this experiment was the biologic incompatibility 
encountered by Higgins and Ingle, of the Mayo Foundation, in transplanting 
adrenal glands from one rat to another, This incompatibility was lessened when 
eight or ten adrenals of newborn rats were transplanted to the groin of bilaterally 
adrenalectomized unrelated adult rats. In nine out of twenty-one cases, there was a 
functional take; also, it was shown that the culturing of transplants in the tissue 


fluids of the host did not increase the number of takes. 


Another interesting series of observations dealt with the initiation of respiration in 
fetal stages. William F. Windle, of Northwestern University, reported that respira- 
tory movements in chick embryos begin three days before hatching; that experimental 


increase in the amount of CO, initiates and then deepens respiration; that toward 
the end of incubation the rhythmie respiratory movements become correlated with 
pecking movements of the head; and that, after severing the cord from the brain, all 
but head movements are abolished; thereby suggesting that in the intact animals 
the gas acts upon the respiratory center of the medulla. Similarly, Snyder and Rosen- 
feld, of Johns Hopkins University, demonstrated that in rabbits respiratory movements 
begin as early as ten days before parturition. When India ink was injected into the 
amniotic cavity, the lungs soon became black, from which experiment the authors 
concluded that fetal respiratory movements provide a mechanism for preliminary dis- 
tention of the alveoli with fluid, in preparation for their subsequently more radical 
distention by air. Apropos to the alveoli, C. C. Macklin, of the University of 
Western Ontario, presented additional evidence in support of the view that the 
air spaces of the lung are not bounded by epithelium but constitute a ‘‘ functional 


interstitial emphysema. ’’ 


A third set of observations dealt with the initiation of movements in the embryonic 
heart. Charles M. Goss, of Columbia University, watched such movements in 
minute ten-day rat embryos that had been transferred from the uterus to hanging 
drop cultures. He verified in the mammalian embryo the findings of Patten for 
the chick, observing that contraction of the embryonic heart begins in the parts 
formed first—namely, in the ventricle, then in the atrium, and then in the sinus 
venosus, following which there is a reversal of beat which establishes the normal 
order of peristalsis. Hof, Kramer, and Patten, of the University of Michigan, 
recorded the electrical potentials of the embryonic heart and obtained a 
series of electrocardiograms ranging from the stage of first twitchings in the 
ventricle to the stage when the cardiogram resembled that of the adult. Both articles 
were illustrated by microcinematographs of the embryonic heart. Philip B. Arm- 
strong, of Cornell University, employed embryonic hearts prior and subsequent to 
their innervation to demonstrate that neurohumors, such as acetyl-choline, inhibit the 
heart by acting upon postganglionic nerves rather than by acting directly on muscle 
fibers. In studying capillaries Zweifach and Chambers, of New York University, 
were able to show by the use of mechanically controlled microneedles that individual 
endothelial cells could be made to contract by localized prodding. 

A fourth series of observations dealt with male hormones—thus marking a definite 
shift of interest away from female hormones, these having received the brunt of at- 
tack at the preceding meeting of the association. Roy Greep, of Harvard Univer- 
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sity, showed that in a large group of animals the follicle-stimulating and lutein- 
izing hormones of the anterior lobe control the development and functional activity 
of the testis as well as the ovary, the former hormones causing growth of the 
seminiferous tubules; the latter, growth of the interstitial tissue. As a corollary to 
this, Warren O. Nelson, of Wayne University, demonstrated that in rats administra- 
tion of extracts of the male hormone will, for at least sixty days, prevent the de- 


generative changes which occur in the seminiferous tubules after hypophysectomy. 


Other reports of unusual interest would include, among others, the following: 
C. M. Jackson, of the University of Minnesota, presented undisputable proof that 
severe and prolonged underfeeding during early life may prevent full completion of 
growth later and thus cause permanent dwarfing. Isaac Schour, of the University of 
Illinois, demonstrated that human teeth have growth rings analogous to those of 
trees, which reflect the physiologic readjustments incident to birth and other vicissi- 
tudes of ontogeny. Allen, Smith, and Gardner, of Yale University, employed 
colchicine to arrest dividing cells in the metaphase and thus, by revealing the num- 
ber of mitotic figures at a given moment, to demonstrate that injections of theelin 
cause marked increase in the cell divisions of the genital epithelium, uterine muscles, 
ete., and that injection of the follicle-stimulating hormone of the hypophysis causes 
rapid growth in the theea of follicles as well as in the granulosa. Gordon, Kleinberg, 
and Charipper, of New York University, showed that the spleen contains an anti- 
gonadotropie principle which prevents the ovaries of rats from responding beyond 
certain dosages to hormones of the anterior lobe of the hypophysis—an effect which 
is abolished by splenectomy. William Bloom, of the University of Chicago, showed 
that lymphocytes of the thoracie duct of rabbits previously sensitized to extracts of 
Ascaris extract developed into pseudoeosinophiles when cultured in Ascaris extract. 
Sarah Tower, of Johns Hopkins University, was able to keep puppies alive from 
two to six months after the lumbosacral cord had been transected above and 
below and all other incoming pathways severed, thereby demonstrating that 
functionally isolated nervous tissue is capable of surviving, that it retains its 
capacity for activity but is not autochthonously active. As a consequence of this, 
trophic regulation of the nonnervous tissues supplied by this segment of the cord 


is markedly impaired. 


The concluding session consisted of four longer discourses presented at the in- 
vitation of the president of the association. The first, by the author, discussed 


the contribution of the Babylonian Talmud to the anatomy of the lung and to the 
various kinds of marrows found in the body; the second, by Professor C. U. 
Ariens Kappers, of the University of Amsterdam, described the evolution of the 


vertebrate hypothalamus; the third, by Professor S. W. Ranson, of Northwestern 


University, discussed the relation of diabetes, somnolence, and temperature regu- 
lation to lesions of the hypothalamus; the fourth, by Professor Bensley, of the 


University of Chicago, described the distribution of lipids in protoplasm and their 
relation to its constitution. 
The next annual meeting will commemorate the fiftieth anniversary of the 


founding of the association in Washington, D. C., 1888. 





Book Reviews 





The Lung. By William Snow Miller. Cloth. Pp. 212, with 152 illustrations, 20 
in color. Springfield, Ill, and Baltimore, Md., 1937, Charles C. Thomas, Publisher. 
$7.50. 


This interesting monograph on the morphology of the lung, by the professor 
emeritus of anatomy at the University of Wisconsin, represents a lifelong study 
of this subject by one who has been referred to as the ‘*dean of American pneumonol- 
ogists.’’ Beginning with 1892, when he was Mall’s first laboratory assistant at 
Clark University, Dr. Miller has witnessed the emergence of American anatomy 
from a dissector’s art to one of the main productive fields of an age of science. He 
himself was one of the first in this country to organize effective laboratory courses 
in histology and embryology. 

Curiously enough, his first research problem was the one which was to become 
the nucleus of this book—the successful attempt to explain the ‘‘ spheroidal bodies 
of Roosevelt,’’ to which he subsequently gave the name ‘‘atria.’’ That the existence 
of these obscure subdivisions of the alveolar ducts has not been recognized by many 
histologists is no reflection upon the high degree of technical proficiency that has 
always characterized his work. 

The first chapter, on the gross anatomy of the lungs, is perhaps the least interest- 
ing, probably because it stands unrelated to the modern point of view—that which 
correlates anatomy with functions and disease. 

The second, descriptive of the trachea and bronchi, becomes authoritative by 
virtue of the author’s interesting reconstructions of carinal cartilages and the 
trachealis muscle. The chapter on intrapulmonary bronchi and bronchioli contains 
the author’s illuminating reconstructions of bronchial muscle. 

The fourth, a long chapter dealing with the finer patterns of the air spaces, 


displays the author’s original models demonstrating the existence of atria. One looks 


in vain, however, for a critical discussion of one of the most significant con- 
troversies of the decade—the nature of the pulmonic alveolar epithelium—(see 
Macklin’s report in the Journal of Thoracic Surgery, October, 1986). Nor does 
the long bibliography at the end of the book contain references to important contribu 
tions by those who differ from the author in their interpretation of existing struc 
tures. I refer to articles on this subject by Bloom (1980), Loosli (1985), and 
others; and the omission of Macklin’s important paper on the musculature of the 
lung in the Physiological Review (1929). 

The fifth chapter covers in excellent detail the ramifications of the pulmonary 
blood vessels. The sixth and seventh do the same for the lymphatics and lymphoid 
tissue of the lung. Much of these chapters is based on original observations. Chapter 
eight discusses the nerve supply, an account drawn primarily from the work of the 
author’s student, Professor Larsell, of the University of Oregon. The ninth chapter 
describes the pleura and is followed by a unique discussion of the architecture of 
the lung in terms of key points. 

The last section is devoted to historic sketches of a rather amazing list of con- 
tributors: Malpighi, Willis, Reisseisen, Home, Lereboullet, Bazin, Bourgery, 
Giraldes, Addison, Rainey, Rossignol, Moleschott, Mandl, Adriani, Schultz, Kolliker, 
Todd and Bowman, Williams, Waters, Gerlach, Schulze, Turner, Rindfleisch, Charcot, 
Stieda, Laguesse, Berdal, Nicolas, Loescheke and Braus. These are objective ac- 
counts reflecting the author’s lifelong interest in the history of medicine. One would 
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wish, however, that he had prefaced these accounts with the ancient views of the 
lung as an organ for the absorption of fluids or that he had strung these anatomic 
bits together with something of the sweep that characterizes Sir Michael Foster’s 
history of respiration. 

It is obvious, however, that Professor Miller’s book is a notable contribution to the 
subject, not merely for that conciseness of style which permits the assembly of much 
detailed information, but also because of the excellence of its original illustrations 
and that vein of authority which comes only from one who has had long and intimate 


contact with a refractory subject. 


Post Graduate Surgery, Vol. Il. By Rodney Maingot. Two volumes. Cloth. Pp. 
1,825, with 1,134 illustrations. New York, 1936, D. Appleton-Century Company, 
Ine. $15 each. 


This large tome of 1,825 pages embraces the discussions of eighteen authors 
upon miscellaneous subjects. Excellent sections on gynecology, urology, and 
orthopedics appear in it. The other sectional headings relate to the head, spinal 
column, and salivary glands; the neck; the breast; the thorax; the sympathetic 
nervous system; the adrenal gland; the injection treatment of hernia, hemorrhoids, 
hydrocele, and varicocele and varicose veins; and a chapter on infections of the 
hand. This unorthodox scheme of arrangement of materials followed, it may reason- 
ably be inferred, was not premeditated by the editor. 

In the main, the treatment of all the subject matter is very satisfactory. Par- 
ticularly deserving of commendation is the chapter on the sympathetic nervous 
system by A. Lawrence Abel. The chapter on the thorax is ably presented by 


Ro Sleigh Johnson (medical aspects) and T. Holmes Sellors (surgical aspects). 


Sidney Forsdike writes very interestingly on the subject of sterility in women, inci- 


dentally coining many apt phrases. 

American readers will find that the writer on pelvic inflammation has not stressed 
enough the great virtue of conservatism and heat. The Elliot treatment, so widely 
employed here, receives but indirect, bare mention as pelvic diathermy. Transurethral 
prostatic resection is described, but one gains the impression that the method has 
not become so widely adopted in England as here. The only operation described 
for incomplete testicular descent is transseptal implantation (Mauclaire operation) 
in the opposite half of the scrotum. 

The section on the injection treatment of hernia contains some very interesting 
historic material. In defense of the method, which the author endorses, he quotes an 
admonition from William Penn who said, ‘‘neither despise, nor oppose, what thou 
dost not understand’’—a warning which we will still do well to heed. The chapter 
on orthopedics will be found useful and practical to practitioners. One is somewhat 
disturbed to find, however, no mention of the value of hyperthermia in the treatment 
of gonorrheal arthritis. It also seems a little unusual to us in a country where 
neurosurgery has become a well-recognized surgical specialty to see surgery of the 
peripheral nerves presented by an orthopedist. 

This volume contains a wide variety of material—all authoritatively and well 
presented. The chief defects in the volume relate to the arrangement of the subject 
matter and the lack of footnotes or references which should uniformly accompany a 
reference work of this character. Lucid illustrations and a carefully prepared index 
greatly enhance the value of the book. Bookmakers would do well to inquire how 
and under what circumstances the greater number of physicians do their reading. 
This bulky volume is obviously not meant for a bedside library or the easy-chair. 
The eminently practical treatment of the subject matter should make it a useful 


addition to the practitioner’s library. 





